THE JA so 


AMERICAN REVIEW 


OF 


‘TUBERCULOSIS 


OFFICIAL JOURNAL OF 
THE AMERICAN TRUDEAU SOCIETY 


EDITOR 
MAX PINNER, New York City 


EDITOR EMERITUS 
ALLEN K. KRAUSE, Baltimore, Maryland 


EDITORIAL BOARD 
BRUCE H. DOUGLAS, Detroit, Mich. 
L. U. GARDNER, Saranac Lake, N. Y. 
Ross GOLDEN, New York City 


JOHN ALEXANDER, Ann Arbor, Mich. 
J. BURNS AMBERSON, JR., New York City 


E. R. BALDWIN, Saranac Lake, N. Y. 
H. J. CORPER, Denver, Col. ESMOND R. LONG, Philadelphia, Pa. 


F. S. DOLLEY, Los Angeles, Calif. L. J. MOORMAN, Oklahoma City 
D. W. RICHARDS, JR., New York City 


VOLUME XLI 
JANUARY-JUNE, 1940 


— 


PUBLISHED MONTHLY 


AT MT. ROYAL AND GUILFORD AVENUES, BALTIMORE, MD. 
BY THE NATIONAL TUBERCULOSIS ASSOCIATION 


LIBRARY 
BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 


4 
i 
ij 
4 
= | 
| 
; 
| 
| 
| 
{ 
| 
if 
t 
if 


CONTENTS: ORIGINAL ARTICLES 


NuMBER 1, JANUARY, 1940 


Evaluation of Respiratory Function. Waiter K. WHITEHEAD AND 
A. T. MILLER, JR 

Clinical Studies in Asbestosis. Moses J. STONE 

Intrapleural Pneumonolysis. HARLAN F. 

Accidents and Complications of Artificial Pneumothorax. P. M. 
MATTILL AND FRANK L. JENNINGS 

The Acute Abdomen during Pneumothorax Therapy. Ricuarp H. 
BENNETT AND BENJAMIN BURBANK 

Purified Protein Derivative. FLORENCE B. SEIBERT AND Emma H. 


Chronic Nonspecific Pulmonary Disease. Paut M. ANDRUS 
I. The Radiographic Diagnosis of Bronchiectasis 
II. The Pathogenesis of Bronchiectasis 
III. Classification 
Brief Reports: 
Nontuberculous Spontaneous Pneumothorax. L. S. YLVISAKER, 
C, E. KrEssLinc AND H. B. KIRKLAND 114 
Sulfanilamide, Acetylsulfanilamide and Sulfapyridine. RicHarp 
H. Fotis, Jr 117 
Culture of Tubercle Bacilli. LELAND M. JOHNSTON 120 
Case-Finding in Schools and University. J. W. STRAYER 124 
128 


NuMBER 2, FEBRUARY, 1940 


Thoracoplasty in Older Patients. RicHarp H. OVERHOLT 143 
Extrapleural Pneumothorax and Oleothorax. JoHN R. PAxTon, 
AMBROSE S. CHURCHILL AND JANE SKILLEN 163 
Rate of Conversion of Sputum during Pneumothorax Treatment. 
R. A. BENDOvE, H. ALEXANDER, M. D. DEREN AND S. LIPSTEIN. 
Tuberculosis in the Negro. Haroitp L. IsRAEL AND Howarp M. 


Tuberculosis in the Aged. E. RoBERT WIESE 
Tuberculosis of the Spine. MATHER CLEVELAND 
iii 


12 | 

22 

38 | 

50 { 

Intoxication in Tuberculosis. H. J. CorperR and Mavrice L. 

{ 


iv CONTENTS 


Tuberculosis Control. Interpreting Its Modern Methods to the 
Public from the Official Point of View. Hrnry F: VaAuGHAN.. 232 

Tuberculosis Control. Interpreting Its Modern Methods to the 
Public from the Nonofficial Point of View. KATHERINE Z. W. 
WHIPPLE 

Federal and State Programs of Vocational Rehabilitation. Tracy 


Tuberculosis Studies in Tennessee. Ross L. GAuLD AND W. C. 
WILLIAMS 

Statistical Data 

Obituary—Livingston Farrand, 1867-1939 

Obituary—Willard Burr Soper, 1882-1939 

Obituary—Karl Fischel, 1877-1939 


NuMBER 3, Marcu, 1940 


Pulmonary Tuberculosis in Cattle. E. M. MEpDLAR 
Treatment of Pulmonary Tuberculosis in Adolescents. Hrnry D. 
CHADWICK AND HELEN W. EvartTs 
Extrapleural Pneumothorax. F. NEwtTon, FRANK DAWSON 
AND J. E. DUNPHY 
The Paraffin Pack in the Treatment of Pulmonary Tuberculosis. 
FELIx OTTAVIANO 
Oxygen as a Cause of Reactions following Pneumothorax Refills. 
H. E. PuGSLEY 
Total Agranulocytosis following Gold Therapy. GrorcE S. Miricxk. 
Actinomycosis of the Lung and Pleura. Exziorr C. CUTLER AND 
ROBERT E. Gross 
Reorganization of the Antituberculosis Campaign in Sweden. OrrTo 
L. GLOGAUER 
Unrecognized Tuberculosis in General Hospitals. Roxpert E. 
PLUNKETT AND EDWARD X. MIKOL 
Case Reports: 
Tuberculous Splenomegaly. Oscar B. RaGINs 
Coccidioides Immitis Infection of the Lung. Drran YEGIAN AND 
RICHARD KEGEL 
Appendicitis. 


NuMBER 4, ApRIL, 1940 


Extrapleural Pneumothorax. Frank S. DoLtry, JoHN C. JONES AND 
JANE SKILLEN 
Extrapleural Pneumothorax. Epwarp D. CHURCHILL 


257 
267 
272 
276 
279 
283 
307 
319 
334 
339 
344 
358 
368 
381 
388 
393 
398 
423 


CONTENTS 


Haematogenous Tuberculosis with Involvement of the Larynx. 
ABRAHAM G. COHEN 
The Physician in Tuberculosis Case-Finding. Ezra BrinpGE AND 
ARELYN THURSTON 
The Changing Prognosis in Pulmonary Tuberculosis. Emit BoGen.. 447 
Intrapleural Pressures in Artificial Pneumothorax. Jacos SEGAL.. 461 
Methods of Preserving the Tuberculin Protein. FLorence B. 
SEIBERT AND Emma H. DuFour 
Bacillary Counts in Sputum. AGNES BEEBE VOGT, PETER ZAPPASODI 
AND Esmonp R. 
Vitamin C in Tuberculosis. CHIANG-E CHANG AND TIEN-HO LAN.. 
The Attenuation by X-rays of Human Tubercle Bacilli. W.F. Drea. 
The Immunizing Property of Heat-Killed Tubercle Bacilli. A. P. 
DAMEROW 
Apparatus: 
Portable Pneumothorax Apparatus. ELMER HIGHBERGER, JR..... 
A Pneumothorax Apparatus. PAPANICOLAOU 
Statistical Data 


NuMBER 5, May, 1940 


Bronchiectasis. KENNETH M. A. PERRY AND DONALD S. KING 
The Beginning of Pulmonary Tuberculosis in Adults. Haguin 


MALMROS AND ERIK HEDVALL 
Primary Tuberculous Infection in Adults. Haguin MALMROS AND 
Erik HEDVALL 
The Story of Tuberculin. Henry Stuart WILLIS 
A Tuberculosis Survey of a Sugar Plantation in Hawaii. CHARLEs L. 
WILBAR, JR AND GARTON E. WALL 
BCG Immunization. Averitt A. LieBow, CASPAR G. BURN AND 
WILLARD B. SoPER 
The Action of Serum, Cells and Blood on Acid-fast Bacteria in vitro. 
Joun H. HANKS AND BROCKENBROUGH EVANS 
I. Absence of in vitro Bactericidal Power against Human Tubercle 
Bacilli or Timothy Bacilli in the Serum-Leucocyte Mixtures or 
the Blood of Normal and Immunized Rabbits 
II. Failure to Demonstrate Bactericidal Power in Various Bloods. 
The Relative Advantages of a Solid Medium and of Liquid 
Blood in Demonstrating the Viability of Bacilli in Blood 
Ill. Evidence of the Nutritional Basis of the So-called Bactericidal 
Action of Rabbit Serum on Mycobacterium phlei 
Guinea Pig Inoculation with the Gastric Contents of Tuberculous 
Children. E. ROSENCRANTZ AND SAMUEL HURWITZ........... 


Vv | 

549 i 

562 

573 

582 | 

592 

il 

605 | 

620 i 

637 | 

645 


vi 


Brief Reports: 
Tracheal Accessory Lung. Witi1am F. anp Haroxp G. 
CurTIS 
Icteric Pleural Effusion. CHARLES HyMAN 
Radio Amplifier in the Treatment of Tuberculosis of the Larynx. 
HowELL RANDOLPH 
Editorial—Transpleural Aspiration of Tuberculous Cavities (Mon- 
aldi). Frank S. DoLLEy 
Obituary—William Snow Miller, 1858-1939 
Annual Meeting of the American Trudeau Society 


NuMBER 6, JUNE, 1940 


Results of Extrapleural Thoracoplasty for Pulmonary Tuberculosis. 
GEorGE N. J. SOMMER, JR. AND ADRIAN A. EHLER............ 

Tuberculous Tracheobronchitis. Rosert S. JENKS 

Routine Bronchoscopy in Tuberculosis. JoHn C. SHARP AND C. B. 


Cystic Lungs. SipNeEy DIAMOND AND WILLIAM R. DuRHAM........ 
Sulfapyridine in Experimental Tuberculosis. Wir1t1am H. FELDMAN 
AND H. CorRwINn HINSHAW 
Progressive Primary Tuberculous Complex. Mitton R. Louria.. 751 
Anorectal Tuberculosis. G. H.C. Joynt 
The Incidence of Tuberculosis among Students at Lund University. 
HEDVALL 
Tuberculosis Survey of San Bernardino County. Emit BoGEN 
Case-Finding. W.H. 
Medico-Legal Aspects of Silicosis. THEopoRE C. WATERS......... 
Case Reports and Apparatus: 
Primary Neurofibroma of the Lung. Eri H. Rusin AND WILLIAM 
ARONSON 
Generalized Tuberculous Lymphadenitis. E. RoSENCRANTZ.... 
Tuberculosis of Pancreas and Stomach. JuLius ZELMAN 
A Portable Aneroid Pneumothorax Apparatus. Witiiam A. 


Statistical Data 
Obituary—Norman Bethune, 1890-1939 
Supplement: Tuberculosis Case-Finding by Herbert R. Edwards 


CONTENTS 

654 

657 

660 

661 

664 

669 

675 

692 

— 


EVALUATION OF RESPIRATORY FUNCTION}? 


WALTER K. WHITEHEAD anp A. T. MILLER, Jr. 


The physiological readjustments which accompany disease or collapse 
of the lungs are so effective that a dangerous lack of pulmonary reserve 
may be obscured. It is not uncommon to find patients who are unable 
to tolerate satisfactorily even the simpler forms of therapeutic collapse, 
even though they may appear normal from a functional standpoint and 
have adequate vital capacities. When the normal action of the thoracic 
wall has been interfered with by thoracoplasty in addition to partial 
collapse of a lung, failure of the respiratory system is far more serious 
in both its immediate and late effects. While there is no question that 
certain physical signs and symptoms are truly indicative of abnormal 
cardiorespiratory function, it is also certain that this kind of abnormality 
may be latent and appear only after an added burden has been placed 
upon the system. 

In the absence of obstruction to the airways, ventilation as a whole is 
usually adequate in tuberculosis and it may be excessive. There is 
nothing to interfere with the carriage of either oxygen or carbon dioxide 
by the blood or with the utilization of oxygen by the tissues. It would 
appear, therefore, that the primary disorder of respiratory function in 
this disease is in the exchange of gases between the alveolar air and blood. 
Since carbon dioxide is eliminated from the body from twenty to thirty 
times more readily than oxygen is acquired, any abnormality of gas ex- 
change must result in lack of oxygen rather than carbon dioxide reten- 
tion. It follows that arterial anoxia is the first significant objective sign 
of uncompensated abnormal respiratory function. 

It is a well established principle that the reserve capacity of a system 
may be demonstrated by subjecting it to stress. This stress should be 
of such a nature that the type of activity of that system is not altered, 
but merely the magnitude, and furthermore the strain produced should 
be confined to the system under consideration. 


1 Presented at a session of the Clinical Section at the 35th annual meeting of the National 
Tuberculosis Association, Boston, Massachusetts, June 28, 1939. 

? From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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WALTER K. WHITEHEAD AND A. T. MILLER, JR. 


Exercise is a commonly used means of producing the stress necessary 
to bring to light pathological function. It has the disadvantage, how- 
ever, of being limited, in its application to bed-ridden patients, and the 
response to exercise depends to a significant degree upon the physical 
fitness of the subject. Furthermore, the strain produced is not confined 
to the respiratory system alone. 

The end result of any type of respiratory abnormality is an insufficient 
supply of oxygen to the tissues. Therefore, reducing the amount of 
oxygen available by reducing the oxygen content of the inspired air, 
while the subject remains at rest, should provide a means of measuring 
the respiratory reserve, uncomplicated by changes in other systems, as 
would be the case in muscular exercise. 

With these ideas in mind, samples of arterial blood and alveolar air 
were obtained while the subject breathed first room air and then a 
gas mixture containing approximately 16 per cent oxygen in nitrogen. 
Analyses were done to determine the reduction in the oxygen saturation 
of the arterial blood which resulted from breathing a standard low oxy- 
gen mixture and the pressure of oxygen in the alveolar air which pro- 
duced the percentage saturation found in each sample of blood. 


METHODS 


The subjects came to the laboratory about an hour after breakfast. 
After thirty minutes’ rest, lying flat in bed with the head supported by 
a pillow, a set of respiration valves and nose clip were adjusted and one 
hand and forearm immersed in water at 45-47°C. Five minutes later a 
short hypodermic needle, connected to an oiled syringe of 50 cc. capacity 
by a short rubber tube equipped with a pinch clamp, was inserted into 
the rubber mouthpiece in such a position that its opening was in the 
centre of the axial stream of air during expiration. After appropriate 
rinsing of the connections, 1 or 2 cc. of air were withdrawn into the 
syringe just before the end of successive normal expirations until two 
40 cc. samples had been obtained. This is essentially the method of 
Krogh and Lindhard (1) for collecting alveolar air and it’was used in 
this work because it requires no codperation on the part of the subject. 
The alveolar air thus obtained is usually slightly lower in carbon dioxide 
content and higher in oxygen content than samples obtained by the 
method of Haldane and Priestley (2). Successive samples taken by the 
method of Krogh and Lindhard from the same subject were found, 
however, to be as constant in composition as similar samples taken by 


2 SSS 
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the method of Haldane and Priestley in normal trained subjects and are 
therefore satisfactory for comparative purposes. 

When the hand and forearm had been in warm water for ten minutes, 
a sample of blood was withdrawn without stasis and with gentle suction 
into an oiled syringe, from one of the dorsal veins of the hand. A meas- 
ured amount of this blood was immediately transferred with anaerobic 
precautions to a sampling tube containing 0.5 cc. of a solution of 1.0 
per cent heparin in physiological saline which had been previously 
rendered air-free by extraction over mercury. The blood-heparin mix- 
ture, stored over mercury under positive pressure, was then placed in 
ice-water to prevent chemical changes during the interval before the 
analyses could be done. A correction was applied for the dilution of 
the blood with heparin solution. 

Goldschmidt and Light (3) have shown that blood taken from one of 
the dorsal veins of the hand, after the hand and forearm have been im- 
mersed in water at 45-47°C. for ten minutes, is indistinguishable from 
arterial blood as far as its gas content is concerned. ‘They explain this 
interesting fact by pointing out that the tissues from which the blood 
comes are relatively low in metabolism and at the same time richly sup- 
plied with blood, and that the vessels are sufficiently superficial to allow 
most, if not all of them, to be dilated by the heat. Under these condi- 
tions, the ratio of perfusion to metabolism is so great that the loss of 
oxygen and gain in carbon dioxide during perfusion is not measurable. 
We have confirmed their observations and, in this paper, ‘‘arterialized 
venous blood”’ will be called arterial blood. It may be mentioned that 
the procedure is rarely objected to and it is easily carried out. It is also 
less painful than arterial puncture and does not cause hyperventilation 
or apnoea during the collection of the samples. 

After another rest period of about twenty minutes, the entire pro- 
cedure was repeated in exactly the same manner with the subject breath- 
ing from a Douglas bag containing a mixture of 16 per cent oxygen in 
nitrogen. 

Blood gas analyses were done in the manometric apparatus of Van 
Slyke and Neill, and air analyses were done in the Henderson modifica- 
tion of the Haldane apparatus. 


RESULTS 


One hundred thirty consecutive tests on 107 subjects have been in- 
cluded in this study. ‘Twenty-one of the tests were done on 13 normal 
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subjects and 107 tests on 94 patients with pulmonary tuberculosis, a 
majority of whom had some type of unilateral or bilateral collapse. Tu- 
berculosis patients have been divided into three groups on the basis of 
their ability to saturate their blood with oxygen. Group 1 (44 tests) 
includes those whose arterial blood saturations are within the normal 
range of variation breathing both room air and the low oxygen mixture; 
group 2 (28 tests) normal breathing room air but abnormal breathing 
low oxygen; group 3 (37 tests) abnormal breathing both room air and 
low oxygen. The arterial oxygen saturation of the normal group varied 
from 91.4 to 95.7 per cent breathing room air, and from 85.3 to 91.6 
per cent breathing 16 per cent oxygen in nitrogen. The alveolar oxygen 
tension, breathing both room air and a low oxygen mixture, rarely varied 
more than plus or minus 7 mm. Hg from the average in any group. 

In chart 1, the lower curve shows the relation between the partial 
pressure of oxygen in the alveolar air and the resulting percentage satura- 
tion of the haemoglobin of the arterial blood of normal subjects. The 
upper curve is a normal oxygen dissociation curve (percentage saturation 
of haemoglobin plotted against the tension of oxygen in the blood), re- 
produced here for the purpose of orientation. The average values for 
the three abnormal groups of patients have been plotted with reference 
to the lower curve, and the distance they fall below the curve indicates 
the degree of abnormality of the group. The greater spread of the points 
when the oxygen content of the inspired air was reduced shows graph- 
ically the extent to which a latent abnormality may be revealed by this 
procedure. 

This important fact is shown more strikingly in chart 2. The height 
of the rectangle represents in each case the amount by which the satura- 
tion of the blood falls short of the corresponding value in the control 
group of normal subjects. The abnormality breathing room air is indi- 
cated by the unshaded areas, while that breathing 16 per cent oxygen is 
indicated by the solid black areas. 

The relations between the aiveolar oxygen tension (pO), arterial 
oxygen saturation and the difference between the observed and predicted 
saturations are shown in greater detail in table 1. 

The effect of breathing a 16 per cent oxygen mixture is the same as 
that of suddenly moving the subject to an altitude of about 7,500 feet 
above sea level. The anoxaemia thus produced artificially brings into 
play the first of a series of physiological events which tends to insure 
an adequate supply of oxygen to the tissues. 


| 


Fic. 1. Bilateral pneumothorax. Arterial oxygen saturation 93 per cent breathing room 
air and 87 per cent breathing 16 per cent oxygen in nitrogen. These normal values indicate 
that the oxygenation of the blood had not been significantly interfered with by a very con- 
siderable amount of bilateral collapse. 

Fic. 2. Bilateral pneumothorax. Arterial oxygen saturation 92 per cent breathing room 


air and 78 per cent breathing 16 per cent oxygen in nitrogen. An example of a patient whose 


abnormality was revealed by breathing a low oxygen mixture. 

Fic. 3. Silicosis and tuberculosis in a foundry worker. Birkelo and Brosius (8) have 
shown that this type of diffuse fibrosis produces marked impairment in the distribution of the 
pulmonary artery. Arterial oxygen saturation 88 per cent breathing room air and 78 per 
cent breathing 16 per cent oxygen in nitrogen. 

Fic. 4. Right diaphragm paralyzed. Cavity in right apex with scattered areas of fibrosis 
in both lungs. This young man appeared to be in excellent physical condition. He had had 
bilateral pneumothorax previously and had been in good health for several years following 
its conclusion. Arterial oxygen saturation 94 per cent breathing room air and 81 per cent 
breathing 16 per cent oxygen in nitrogen. Vital capacity 2,800 cc. Thoracoplasty was 
begun but discontinued after first stage because of marked respiratory inability. 
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Cuart 1. Relation between oxygen tension and oxygen saturation of the haemoglobin 


in normal blood at pH 7.40. Lower curve: relation between the alveolar oxygen tension 
and percentage saturation of the haemoglobin in the arterial blood of normal subjects. 
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CHART 2. Deficiency in average oxygen saturation of blood of abnormal groups. White 
areas represent abnormality breathing room air, and black areas represent abnormality 
breathing 16 per cent oxygen in nitrogen. 
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Of the important changes that have been repeatedly observed as a 
result of breathing air in which the oxygen tension is below that of the 
atmosphere at sea level, the following may be mentioned: hyperventila- 
tion, loss of bicarbonate, increase in haemoglobin, increased cardiac 
output and a marked reduction in the gradients between the oxygen ten- 
sion of the inspired air and alveolar air, and the pOz of the blood. At the 
altitude at which these experiments were done the oxygen pressure of a 
16 per cent oxygen mixture is about 110 mm. Hg. Hyperventilation 
rarely occurs to a significant extent as a result of breathing low oxygen 
mixtures in which the pO: is more than 100 mm. Hg, and loss of bicar- 
bonate is secondary to the “blowing off” of too much carbon dioxide 


TABLE 1 


Relationships between observed and predicted arterial oxygen saturations and alveolar oxygen 
tension breathing room air and 16 per cent oxygen in nitrogen 


ROOM AIR 16 PER CENT OXYGEN 
GROUP NUMBER Arterial Saturation Arterial Saturation 
OF TESTS | Alveolar Alveolar 
Ob- Pre- D:* pO: Ob- Pre- D:* 
served | dicted ‘ served | dicted 


mm. Hg | per cent | per cent | per cent | mm. Hg | per cent | per cent | per cent 
Normal 21 103.4 | 93.4 | 93.4 0 70.9 89.0 | 89.0 0 


1 4 105.9 | 92.6 | 93.0 | 0.4 75.5 87.0 | 89.7 | 2.7 
2 28 104.5 | 92.2 | 92.9 | 0.7 73.2 82.6 | 89.3 | 6.7 
3 37 104.6 | 89.1 | 92.9 | 3.8 73.2 79.7 | 89.3 | 9.6 


* D, and Dz represent the difference between the observed and predicted saturations at 
the observed alveolar oxygen tension with reference to the lower curve in chart 1 while 
breathing room air and 16 per cent oxygen, respectively. 


which accompanies hyperventilation. There could be no significant 
change in the bicarbonate content of the serum during the few minutes 
of breathing a low oxygen mixture and the time is, of course, too short 
to permit an increase in the circulating haemoglobin other than that 
which might occur from the outpouring of erythrocytes from the stores 
of the body. Grollman (4) has shown that the cardiac output is not 
increased until the pO: of the inspired air is well below 100 mm. Hg and 
the oxygen saturation of the arterial blood is below 83 per cent. 

It was to be expected, then, that adaptation to arterial anoxia, if it 
occurred as a result of this procedure, could be demonstrated by a re- 
duction of the diffusion gradient (difference in pressure) between the oxy- 
gen tension of the alveolar air and the blood in the lungs. 
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That adaptation does occur can be seen from a comparison of the oxy- 
gen tensions of the inspired air, alveolar air and arterial blood breathing 
room air with the same values breathing a low oxygen mixture. There 
are three gradients of importance: that between the pO, of the inspired 
air and alveolar air, that between the alveolar air and blood (diffusion 
pressure head), and that between the pO, of the inspired air and the 
arterial blood. The first two are commonly used to show adaptation, 
but the third is a resultant of the other two and is used here as an il- 
lustration of adaptation and to demonstrate the fact that adaptation 
fails progressively as the respiratory reserve is decreased by disease. 

The average arterial oxygen tension at pH 7.40 found in the normal 
group is 72 mm. Hg. The average oxygen tension of the atmospheric 
air in Northville is 144mm. Hg. The gradient, then, is 144 — 72 equals 
72mm.Hg. The oxygen tension of the low oxygen mixtures used in this 
study is about 110 mm. Hg. If no adaptation occurred and the gradient 
between the pO: of the inspired air and blood remained the same, the 
oxygen tension of the blood would then be 110 — 72 equals 38 mm. 
Hg, and the saturation of the arterial blood at this tension would not be 
more than about 70 per cent at pH 7.40 whereas the saturation observed 
was 89 per cent and the tension, 60 mm. Hg. The gain in tension was, 
therefore, 22 mm. Hg and the gain in saturation was 19 per cent as a 
result of adaptation. 

At high altitudes or where the pO; of the inspired air is below 100 mm. 
Hg as a result of breathing low oxygen mixtures, hyperventilation re- 
duces the gradient between the pO, of the inspired air and alveolar air. 
This adaptive mechanism tends to increase the gradient between the 
alveolar air and blood and thus facilitates gas exchange. Since the pO 
of the inspired air in these experiments was always greater than 100 mm. 
Hg, little reduction in the gradient of oxygen between inspired air and 
alveolar air was to be expected. There was, in fact, a reduction in the 
gradients calculated from the average values of all groups of about 2 
mm. Hg, but this small difference is not considered of significance ex- 
cept that it suggests that persons with abnormal respiratory function 
do not respond by hyperventilation to breathing a 16 per cent oxygen 
mixture to any greater extent than do normal persons. 

In table 2, d represents the gradient between the oxygen tension of the 
inspired air and arterial blood. It will be seen that this gradient in- 
creases progressively as respiratory function becomes less efficient. The 
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third column represents the gain in blood oxygen tension and percentage 
saturation over that which would obtain if no adaptation had occurred 
and the gradient between the pO: of the inspired air and blood were the 
same breathing 16 per cent oxygen as it is breathing room air. The fig- 
ures are differences between the predicted pO: and percentage saturation 
of the arterial blood of normal subjects without benefit of adaptation 
while breathing a low oxygen mixture, and those actually observed for 
the abnormal groups. Thus, 38 mm. and 19 per cent are subtracted 


TABLE 2 


Relation between pO2 of inspired air and blood breathing room air and 16 per cent oxygen in 
nitrogen. Gain in pO. and percentage saturation of blood resulting from adaptation 


ROOM AIR LOW OXYGEN 


pO: = 144 mu. Hg pO: = 110 mu. Hg GAIN BY ADAPTATION 


pO: Blood pO: Blood d pO: Blood Saturation 


per cent 
72 50 22 19 
70 53 19 17 
69 60 12 13 
60 64 8 10 


d = pO, inspired air — pO, blood. 


TABLE 3 
Gradient between pOz of alveolar air and blood mm. Hg 


16 PER CENT OXYGEN 


11 
18 
23 
27 


from the observed pO2 and percentage saturation respectively of the ab- 
normal groups while breathing 16 per cent oxygen. It will be seen that 
adaptation occurred in all groups of subjects, but that it became increas- 
ingly less effective as abnormal respiratory function, latent or manifest, 
became more pronounced. 

The gradients between the oxygen tensions of the alveolar air and 
blood, the diffusion pressure head, are given in table 3. It will be seen 
that progressively lower saturations are found in the abnormal groups in 
spite of a progressively increasing diffusion pressure head. 


GROUP | 
Normal 
1 
2 
3 | | 
GROUP ROOM AIR Po 
Normal 31 
1 36 
2 36 { 
3 45 | 
i 
‘ 
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DISCUSSION 


As mentioned above, increases in ventilation, blood flow and haemo- 
globin probably play a very minor réle in the immediate response to the 
mild anoxaemia produced by breathing a 16 per cent oxygen mixture. 
Yet it seems quite clear that there is less resistance to the diffusion of 
oxygen through the alveolar and capillary walls of the lungs when the 
pO: of the alveolar air is reduced. The mechanism of this form of adap- 
tation cannot be stated with certainty but it is in all probability due to 
an increase in the area for diffusion (gas-blood interface) perhaps with 
an increase in the permeability of the alveolar and capillary walls. 

Deeper breathing or an increase in the subtidal volume (midcapacity, 
functional residual air) could well account for an increase in the gas- 
blood interface by opening airways wider and effecting a more equal 
distribution of the inspired air. It could also, by stretching the alveolar 
and capillary walls, increase their permeability. 

Another factor that might be of importance is suggested by the work 
of Wearn (5) and his associates, who, by direct observation, found that 
the pulmonary capillaries of the lungs of cats are capable of opening 
and closing. Such a mechanism could increase the gas-blood interface 
without reliance on an increase in blood flow. Hurtado, Kaltreider and 
McCann (6) observed a dilatation of both capillaries and alveoli in the 
lungs of guinea pigs which had been kept in an atmosphere corresponding 
to an altitude of 16,400 feet for two hours, a fact which offers further 
evidence that the gas-blood interface can be augmented in the presence 
of low oxygen tensions. Churchill (7) found that the increase in venti- 
lation after ligation of the right pulmonary artery was not sufficient 
to account for the amount of oxygen absorbed through the left lung. 

The ability to ventilate the lungs and thus maintain a relatively high 
concentration of oxygen in the alveolar air is of great importance, but 
the ability to absorb oxygen is ultimately the limiting factor in the ac- 
tivity of any patient whose respiratory reserve has been diminished by 
disease. In addition to adequate ventilation, good respiratory function 
depends upon the amount of circulating haemoglobin, the total blood 
flow, the dispersion of the blood through the pulmonary capillaries, and 
the permeability of the alveolar and capillary walls. 

The lungs are capable of increasing their efficiency in providing a gas- 
blood interface for diffusion, and possibly also their permeability to oxy- 
gen under stress. The degree to which the efficiency of the lungs can 
be increased can apparently be measured by comparing the oxygen 
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saturation of the arterial blood and the pO: of the alveolar air while 
breathing room air, with the same values while breathing a low oxygen 
mixture. The failure of the adaptive mechanism in some abnormal 
subjects suggests that anoxia produced by any means whatever would 
not be well tolerated. The lack of arterial anoxia in persons with ex- 
tensive disease or collapse is undoubtedly to be accounted for by a form 
of adaptation which has occurred at the expense of the total pulmonary 
reserve. 
SUMMARY 


The respiratory reserve of patients with pulmonary disease may be 
determined by comparing the percentage saturation of the haemoglobin 
in the arterial blood with oxygen with that of normal persons (a) breath- 
ing room air, and (b) breathing 16 per cent oxygen in nitrogen. 

This procedure often reveals latent abnormalities not readily demon- 
strated by physical examination. It is applied to patients at rest and 
thus avoids the complicating factors introduced by muscular exercise 
when this means is used to bring to light pathological function. 

The response to breathing a low oxygen mixture is similar to the early 
changes which occur during adaptation at high altitudes and fails 
progressively as the respiratory reserve is diminished by disease. 
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CLINICAL STUDIES IN ASBESTOSIS! 
MOSES J. STONE? 


Among the newer diseases, which are a byproduct of our industrial 
age, asbestosis has come to occupy a fairly prominent position. The 
diagnosis of this form of pneumonoconiosis, its clinical course, the effect 
it produces on organs other than the lungs as well as its various compli- 
cations and sequelae are still very much in the controversial stage. The 
marked development in the industrial use of asbestos has resulted in an 
increase in the number of people exposed to this occupational hazard. 
This, together with the greater interest developed by medical men and 
legislature boards in industrial disease, has produced a great impetus in 
the study of this subject. The literature on this subject is still rather 
meagre, and only recently has the hazardous nature of exposure to 
asbestos dust been recognized and studied. 

Asbestos is a hydrated magnesium silicate, the composition of which 
varies with the sections from which it is mined. Most of the asbestos 
used in the United States is Canadian crysotile containing approximately 
43 per cent magnesium, 13 per cent water and traces of iron and nickel. 
To be sure, asbestos is not a new mineral. Known to the Romans, who 
mined it from the Alps and from the more remote Urals, the mineral 
was mentioned in the writing of Herodotus and the second Pliny. Marco 
Polo spoke of its use by the Tartars. 

Only within the last decade, has the subject of asbestosis really re- 
ceived the attention of the medical world. Prior to 1924, there is but 
one recorded case of disease due to the inhalation of asbestos dust. 
This was recorded in 1900 by Montague Murray in the Charing Cross 
Hospital Gazette. The first complete description of this disease entity 
appeared in 1927 when Cooke (1) and McDonald (2) reported 2 cases 
of asbestosis and discussed the histological changes found in the lung. 
Hoffman (3) was the first American to focus attention on the magnitude 
of the asbestosis problem in the United States. In 1930 Mills (4) 


1 Presented at a session of the Clinical Section at the 35th annual meeting of the National 
Tuberculosis Association, Boston, Massachusetts, June 28, 1939. 
2 520 Beacon Street, Boston, Massachusetts. 
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offered the first pathological report published in the United States. In 
the same year, Lynch and Smith (5) reported their findings on asbestosis 
bodies. 

An interesting feature of asbestosis is the finding of the asbestosis 
bodies in the lung as well asin the sputum. Gloyne and others described 
the asbestosis body as a core of asbestos fibre surrounded by iron con- 
taining deposits. It is golden yellow in color and does not stain with 
ordinary histological stains but becomes a brilliant blue when treated 
with potassium ferrocyanide. The bodies are slender, elongated, seg- 
mented structures with bulbous ends. The substance of the body ap- 
pears homogeneous except for the centre linear thickening which is the 
asbestos fibre. The essential features of the pathological changes appear 
to be pleurisy, marked diffuse fibrosis with contraction of the lungs, and 
the presence of the asbestos fibres and the asbestosis bodies. Uniform 
thickening of the visceral pleura is found with varying degrees of pleural 
and pericardial thickening. The fibrosis extends into the apices with 
obliterating layers of fibrous tissue surrounding the bronchioles. The 
pulmonary endarteries are surrounded by fibrous tissue and may show 
thrombosis. The interlobar and intrapleural connective tissue is 
thickened. Numerous alveoli may be obliterated by fibrous tissue, 
others may be emphysematous, while still others are filled with leuco- 
cytes and alveolar cells. Occasional giant cells, not to be mistaken for 
tuberculous giant cells, are found. There are asbestosis bodies in the 
lumina of the bronchioles, in the alveoli and in the fibrous tissue. An 
amorphous brown pigment, often phagocytized by the alveolar cells, is 
scattered throughout the lung. On section the trabeculae stand out in 
the fibrous network and may present evidence of septic bronchitis, 
bronchiectasis, bronchopneumonia or lobar pneumonia as the terminal 
events. Lynch (6) and Gloyne (7, 8) note that the presence of asbestos 
fibres in the mouth and nose are indicative of exposure but not neces- 
sarily of disease. Essentially the presence of asbestosis bodies indicates 
tissue response to dust. 

Since 1930 much has been written on this subject both from the clinical 
and public health points of view. Many controversial points, such as 
the action of asbestos dust on lung tissue, the relationship of asbestosis 
to infections, especially tuberculosis, and the effect it has on the circula- 
tory system, etc., still remain that demand the attention of investigators. 

This report is based on a study of 180 patients who were examined by 
me in collaboration with the late Dr. John B. Hawes, 2nd. The patients 
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had been employed for three years or more in a factory manufacturing 
asbestos brake lining for automobiles and worked in the carding, spinning 
or weaving rooms. Many of them were engaged in the more dangerous 
work of crushing the crude asbestos. The great majority of them had 
been employed from five to fifteen years, and many had worked for 
more than twenty-five years. The cases came to our attention through 
disability claims and were given complete physical examinations during 
the years of 1936 and 1937. None were employed in asbestos factories 
at the time or since their medical examinations. 


CLASSIFICATION 


Of the 180 patients, 32 were diagnosed as negative, although they 
claimed disability. X-ray film as well as physical signs failed to show 
any abnormalities that could be ascribed to asbestosis. The remaining 
148 patients were classified as follows: 

Stage I—78 patients 


Stage II—54 patients 
Stage ITI—16 patients 


A patient was classified as stage I when there was definite limitation of 
chest expansion (less than 2 inches) in addition to roentgenological evi- 


dence of increased lung markings. It must be admitted that frequently 
this interpretation must be somewhat arbitrary, as it is often quite 
difficult to draw the line between normal and exaggerated lung markings. 
Unlike silicosis the early fibrotic changes are very indefinite and only 
after considerable experience, careful standardized X-ray technique and 
proper history, can a diagnosis of early asbestosis be made, and even 
then not with any degree of certainty. In stage II were included those 


Fic. 1. Stage I. Patient worked for four years as an inspector in a plant manufacturing 
asbestos brake-lining. Two years prior to the examination he noticed lack of energy and 
strength, also some cough and expectoration. There was only slight dyspnoea on exertion. 

Fic. 2. Stage II. Patient worked for thirteen years as an inspector in a plant manufac- 
turing asbestos brake-lining. He has had dry cough for seven years which has continued on 
about the same; also dyspnoea on the slightest exertion. 

Fic. 3. Stage III. Patient has been exposed to asbestos dust for twenty-five years. He 
has marked dyspnoea and has to sit up on a stool at side of bed and sleeps in that position. 
Unable to lie down. Chest expansion, one inch. 

Fic. 4. Asbestosis bodies found in the lungs of patient who died of pulmonary tuberculosis. 
Note the various sizes and shapes of these bodies, as seen with the low power lens. 

Fic. 5. Asbestosis body. High power magnification 
Fic. 6. Another view of the asbestosis bodies (high power) 
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patients who had definite symptoms and whose X-ray films revealed 
definite evidence of pulmonary fibrosis. In stage III were included 
those patients who had both definite symptoms as well as roentgenologi- 
cal evidence of marked pulmonary involvement. 


LENGTH OF EXPOSURE 


Number of Cases Years of Exposure 
47 4 or less 
56 4-9 
40 9-14 
25 14 years and over 


RELATIONSHIP OF LENGTH OF EXPOSURE TO PATHOLOGICAL: CHANGES IN 
THE LUNGS 


Of the 47 patients who were exposed four years or less, 25 showed no 
definite pathological changes; 14 were classified as stage I and 8 as 
stage II. Fifty-six patients worked four to nine years. Of these, 36 
cases were classified as stage I, 12 were considered as stage II or fairly 
marked asbestosis and 8 were found to be suffering from advanced or 
stage III asbestosis. Of the 40 patients who were exposed ten to fifteen 
years, 14 were classified as stage I, 20 as stage II and 6 as stage III. 
Twenty-five patients were exposed for over fifteen years. Of these, 9 
showed the early pulmonary changes of stage I, 14 were classified as 
stage II and 2 asstage III. The average length of exposure of the stage 
I patients was eight years; stage II, ten years; stage III, eleven years. 
While there is but slight evidence that the degree of fibrosis is apt to 
increase with the length of exposure, there are other factors, such as 
intercurrent infections and other constitutional factors, that play a part 
in the development of fibrotic changes in the lung structures. 

Since all patients were seeking compensation on account of disability, 
many of the complaints were undoubtedly exaggerated. On careful 
questioning, however, one could evaluate the symptoms fairly accurately. 
The outstanding symptom in all the patients was dyspnoea. Many also 
complained of tightness in the chest. Of the 54 patients in stage II, 
32 complained of dyspnoea on slight exertion, tightness in the chest, 
cough and general fatigue. In addition to the above symptoms, 10 pa- 
tients also complained of marked loss of weight. All of the 16 patients 
in stage III complained of dyspnoea, inability for any sustained effort, 
cough, expectoration, tightness in the chest, anorexia and loss of weight. 


ASBESTOSIS 


PHYSICAL EXAMINATION 


The chest findings were mainly those of basal fibrosis with accompany- 
ing emphysema at the apices. On the whole, physical findings were 
quite meagre, and were not in proportion to the symptoms given by 
patients. The outstanding physical sign was diminution of chest ex- 
pansion. Many cases showed evidence of dulness at the bases with 
hyperresonance near the apices. In the majority of cases auscultation 
disclosed prolongation of the expiratory phase with some high-pitched 
dry crackling rales. Moist rales were found only when there was definite 
evidence of associated bronchitis or bronchiectasis. 


X-RAY EXAMINATION 


X-ray examination constitutes the most important single procedure in 
the diagnosis of asbestosis. Those who have examined many cases of 
silicosis will find the X-ray interpretation of asbestosis extremely diffi- 
cult. Early X-ray diagnosis of asbestosis is still in the realm of conjec- 
ture and should be undertaken only by those who have had the oppor- 
tunity to examine many such cases. 

In the early stages there is only a slight relative increase in density in 
the lower zones producing a filmy, hazy appearance of the bases. The 
shadows are much finer, lighter, and have a granular appearance, rather 
than the nodular or patchy type of infiltration found in silicosis. The 
apparently small amount of lung involvement in the early stages makes 
the X-ray evaluation rather difficult. As the disease progresses, signs in- 
dicative of stage II are seen. ‘There is an increase in density in the lower 
lung zones, the diaphragm becomes indistinct in outline and shows, on 
roentgenoscopic examination, limitation of motion. The costophrenic 
angle is obliterated by thickened pleura. A fine lace-like network of 
fibrosis of interstitial or perivascular form rather than a definitely 
parenchymatous type isseen. The characteristic chest X-ray film shows 
granular or “ground-glass” appearance with more or less obliteration of 
the usual linear pulmonic markings. This is localized in most cases in 
the midlung region and bases. The bronchovascular markings are in- 
creased and often pericardial and pleural thickenings are noted. Many 
cases in our series showed elevation of the diaphragm. In stage III, 
because of the frequently associated bronchitis and bronchiectasis, the 
parenchymatous changes become more marked. 
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TUBERCULOSIS IN ASBESTOS WORKERS 


The still debatable question of the relationship between asbestosis and 
tuberculosis has been discussed by numerous authors. This study was 
mainly undertaken to determine the incidence of tuberculosis among 
asbestosis workers. Since many patients do develop pulmonary fibrosis, 
their resistance to pulmonary infections is greatly decreased. Most of 
the English investigators, among them Stewart (9), found marked in- 
crease of tuberculosis infection among asbestos workers. He states that 
there can be no question that pulmonary asbestosis predisposes to 
tuberculous infection of the lungs. His opinion is also held by Ellman 
(10) who found an increasing incidence of tuberculosis in persons exposed 
to asbestos dust. Donnelly (11) refutes these above statements and 
finds no definite relationship between asbestosis and tuberculosis. In 
fact Merewether and Price (12), finding only 3 cases of tuberculosis 
among 374 cases of asbestosis, indicated that a lessened susceptibility to 
tuberculosis existed in such cases. 

Out of 180 films taken in our series of cases, 9 showed evidence of 
parenchymatous tuberculous infection; two of this group had active 
tuberculosis and 7 showed inactive or healed lesions. In our series of 
16 cases of advanced asbestosis, only one had active tuberculosis. One 
other active case of tuberculosis had only moderate asbestosis (stage II). 
Of those patients who had inactive disease, 5 had moderately advanced 
asbestosis (stage II), and all had been exposed to asbestos dust for more 
than ten years. Thus we are not impressed with tuberculosis as being 
a serious complication of asbestosis. We find that bronchitis, bronchiec- 
tasis and bronchopneumonia are more frequently associated with asbes- 
tosis than is tuberculosis. Indeed we feel that, because of the frequency 
of tuberculosis in silicosis, many patients with bronchitis or low grade 
bronchopneumonia were erroneously diagnosed as being tuberculous. 
Only one person in our total series has subsequently developed active 
pulmonary tuberculosis. 


HEART STUDIES 


One hundred and fifty patients were studied to ascertain the cardiac 
involvement, if any, in cases of asbestosis. Heart measurements were 
done by Dr. George Levene of the Massachusetts Memorial Hospitals. 
Ninety of the 150 patients studied, or 60 per cent, showed prominent 
pulmonary vessels. This prominence was apparently either due to en- 
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gorgement or perivascular fibrosis. The transverse diameter was in- 
creased in 50 cases, or 33 per cent, after excluding cases of organic heart 
disease, such as hypertension, coronary sclerosis and rheumatic heart 
disease. Thus it was felt that asbestosis was apparently the cause of 
the increased transverse diameter in 33 per cent of our cases. Thirteen 
cases, or 8 per cent of our total series, had right-sided hypertrophy. A 
study was then carried out to determine the heart findings in 56 cases 
classified as moderately advanced (stage II) and advanced (stage III) 
asbestosis. Of these 56 cases, 35, or 62 per cent, showed prominence of 
the pulmonary vessels; 25, or 44 per cent, showed an increase of the 
transverse diameter (7 cases of the latter group were excluded because 
of associated heart disease). In the remaining 18 patients, or 32 per 
cent, the enlargement of the transverse diameter was associated with 
asbestosis. 

Apparently then the heart and the pericardium are affected in asbes- 
tosis much more so than in any other type of pneumonoconiosis. The 
cardiac outline is obscured by the superimposed increased fibrous tissue 
of the lung with advancing degrees of asbestosis. The pleuroperi- 
cardium, the pleura of the lower lung fields and the diaphragmatic domes 
become thickened and the usually sharply demarcated heart contours are 
blurred. The marked emphysema and pulmonary fibrosis of stages II 
and III may cause rotation or lateral displacement of the heart. Unless 
roentgenoscopic examination is carried out, the sagittal roentgenograms 
alone will not convey a true impression of cardiac size or shape. In such 
cases lateral views together with roentgenoscopic examination are recom- 
mended to clarify the diagnosis. The roentgenographic appearance of 
any stage of asbestosis associated with heart disease may be greatly 
accentuated by passive congestion. As a result of our studies, roent- 
genoscopic examination is recommended to determine enlargement of 
the heart shadow and alterations in the cardiac silhouette. This is of 
special importance in cases of asbestosis associated with hypertension, 
mitral stenosis and cor pulmonale. It is our belief, therefore, that 
cardiac embarrassment is of utmost importance in the causation of 
early symptoms. It is evident that the dyspnoea noted early in this 
disease is of cardiac or circulatory rather than of pulmonary origin. 


FOLLOW-UP STUDIES 


We had an opportunity to reéxamine 13 patients of this group from 
two to three years after their first examination. Two of this group were 
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originally classified as stage III; 8, as stage II, and 3, asstage I. These 
patients were carefully studied in The Clinic for Cardiac Research of 
the Massachusetts Memorial Hospitals by Drs. George Levene, William 
Duncan Reid and Maurice A. Lesser. The vital capacity was affected 
in all cases, being from 50 to 75 per cent below the normal, calculated 
on the basis of height and weight. X-ray examination revealed definite 
progression of fibrosis in the two cases that were originally classified as 
stage III. Two patients had evidence of old coronary disease. This 
was corroborated both by the X-ray as well as electrocardiographic 
examination. The electrocardiograms of the remaining patients were 
entirely normal. Sedimentation rates were normal with the exception 
of the two with coronary disease which showed an increased rate. 

Our impression gained from the study of this small group is that in 
advanced fibrosis due to asbestosis the disease will progress even after 
exposure ceases. This, however, is not the case in the earlier stages. 
We also feel that the heart is not affected unless pulmonary fibrosis is 
marked. In the light of the blood studies, fibrosis is the result of irrita- 
tion due to asbestos fibres, and is not the result of infection. 

Since the entire group was first examined, 18 patients have died. The 
cause of death was given as follows: 

Pulmonary tuberculosis 
Bronchopneumonia 


Lobar pneumonia 
Carcinoma 


Cerebral shock 
Accidental 


Most of the patients are still able to pursue a gainful occupation although 
unable to perform duties that demand much physical exertion. Seven- 
teen patients are semi-invalids, most of them complaining of cough and 
marked dyspnoea. 

CONCLUSIONS 


1. Asbestosis, like silicosis, constitutes an occupational hazard, arising 
from exposure to asbestos dust. | 

2. Pathological findings are those of pulmonary fibrosis and thickened 
pleura, most marked at both bases. 

3. Dyspnoea is an early symptom and is the chief cause of early 
disability. 
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4. X-ray findings are not characteristic in early stages. In advanced 
asbestosis X-ray reveals lace-like interstitial fibrosis and thickened pleura 
at the bases giving the “ground-glass’”’ appearance. 

5. Bronchial and bronchopulmonary infections are common com- 
plications. 

6. Tuberculosis is not a frequent concomitant of asbestosis. 

7. Advanced asbestosis not infrequently leads to right ventricular 
hypertrophy and failure. 

8. When exposure ceases, fibrosis does not progress unless the degree 
of involvement is already marked. 

9. All health laws relating to dusty occupations should be rigidly en- 
forced in all asbestos factories. 

10. Workers developing pulmonary fibrosis in the course of exposure 
to asbestos dust shouid be entitled to compensation. 


I am deeply indebted to Drs. George Levene, William D. Reid, Maurice A. Lesser of the 
Clinic for Cardiac Research of the Massachusetts Memorial Hospitals and to Dr. Lois C. 
Miller of the Department of Radiology for their codperation and valuable assistance given 
me in preparation of this paper. 
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INTRAPLEURAL PNEUMONOLYSIS:? 


Management of the Patient 


HARLAN F. NEWTON 


Artificial pneumothorax is the most important form of collapse therapy 
for pulmonary tuberculosis because of its wide use and, if successful, it 
produces greater local rest to the lung than any other method. Ad- 
hesive pleuritis to varying degree is the cause of its failure. Any sup- 
portive surgical method which can transform the 42 to 50 per cent of 
partial pneumothoraces (5) into effective ones, with minimal risk and 
complications and maximum efficiency, must therefore take the highest 
place of importance in the surgical collapse therapy program. Intra- 
pleural pneumonolysis under thoracoscopic control is such method. 

To Jacobaeus (1) we owe the brilliant inception of this operation. By 
him and many others after him has intrapleural pneumonolysis been 
brought to a high level of effectiveness, standards of selection developed, 
operative technique refined, pitfalls delineated, so that the thousands of 
cases thus treated attest to its high importance. Perhaps it might be 
said perfection has been reached and discussion of this well established 
method is impertinent. To the contrary, frequent reports and dis- 
cussions of it in the literature are healthy and attest to the desire of 
thoracic surgeons to widen the field of its application to the inefficient 
pneumothorax case safely. I am certain perfection has not been reached, 
perhaps never will be. To advance further the scope of application of 
intrapleural pneumonolysis has been our aim. Emphasis on the manage- 
ment of these operated patients as well as importance of experienced 
operative technique have been, in a group of 146 patients treated at 
Middlesex County Sanatorium, the most important factors in producing 
what success has been achieved. 

In 1934, Moore (2) completely reviewed the literature and summarized 
the published reports of 2,043 cases of intrapleural pneumonolysis under 
thoracoscopic control. He also compared the 52 cases of “open” intra- 


1 Presented at a session of the Medical Clinics at the 35th annual meeting of the National 
Tuberculosis Association, Boston, Massachusetts, June 28, 1939. 
2 From the Surgical Clinic, Middlesex County Sanatorium, Waltham, Massachusetts. 
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pleural pneumonolysis in which pleural adhesions were severed through 
a wide operative opening in the thorax. Experience with this latter 
method showed it to be dangerous, subject to numerous serious compli- 
cations and the ‘‘open method” has since died a natural and deserved 
death. In 1935 Matson (4) and in 1937 Alexander (5) have given ex- 
cellent accounts of the present status of closed intrapleural pneumonol- 
ysis. Matson stresses the value of the electrosurgical method in dividing 
pleural adhesions and indeed is the father of it (3); while Alexander feels 
that electrosurgical technique is more dangerous than the popular 
galvanocautery method of Jacobaeus and has had experience with both. 
In most other important phases of the selection of patients for and con- 
duct of the operation they and other authors are in agreement. Post- 
operative complications, extremely important and serious as they are, 
when present, have merited extensive discussion (2, 4,5, 7). Emphasis 
on prevention of complications I believe is the thoracic surgeon’s aim. 
From my experience detailed execution of certain phases of the manage- 
ment of these patients as well as certain details of operative technique 
have further aided in preventing serious complications as well as in 
enlarging the field of application of the operation. It is these important 
points I wish to discuss. 


INDICATIONS FOR OPERATION 


Consideration of a patient for the operation depends upon the presence 
of an incomplete pneumothorax of one to six months’ duration in which 
collapse and rest of diseased lung is prevented by pleural adhesions. 
The mere presence of pleural adhesions per se is no indication for opera- 
tion as many exist which do not in any way prevent satisfactory collapse 
of the diseased lung. Such is particularly true of basal or diaphragmatic 
adhesions. Yet, as tuberculosis in the great majority of instances in- 
volves the upper lobe, and it is of these I speak, it is inconceivable to 
believe that any adhesions here placed are anything but harmful in 
diminishing the effectiveness of the pneumothorax. Concentric apico- 
caudal collapse of the upper lobe is therefore the ideal collapse and must 
be accomplished (figure 1F). True, this is not always possible, par- 
ticularly near the mediastinal apex where adhesions are of the more 
dangerous operative type, and freeing of lateral bands may allow collapse 
of the diseased lung and its cavities against the mediastinum (figure 1E). 
With such closure of cavities, change of diminished sputum from positive 
to negative, clinical success is achieved for the patient. Yet it is only 
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partial success. The lung thus collapsed may heal, but surely not with 
the same certainty as if concentric apicocaudal release were possible. 
Indeed, frequently must such intrapleural pressures be maintained, 
whether positive or negative, to maintain collapse of the cavities that 
deleterious secondary pressure phenomena are produced on the mobile 
mediastinum with herniation and even downward on the abdominal 
viscera. When the upper lobe is really free, then may the tuberculosis 
not only in the collapsed lung but contralaterally retrogress and heal 
(figure 1F). It is impossible, certainly by the negativity of the sputum, 
to estimate whether a single adhesion or group of adhesions is exerting a 
harmful effect upon even noncavernous lung. This has been expe- 
rienced many times. Thus my rule has been that any adhesions which 
may be attached to diseased lung should be released if operable. 
Following induction of pneumothorax a sufficient time must elapse 
that the pneumothorax cavity is of adequate size to permit one to manip- 
ulate instruments. This need not necessarily be great. It is desirable 
to release harmful adhesions as soon as possible after pneumothorax is 
established to prevent their becoming more fibrous, thicker and vas- 
cularized. Formation of early pleural exudate may become serious 
later. At the same time, in two to three months, with frequent twice 


weekly small refills after the pleural space is established, often leaving 
pressures on the negative side, adhesions are frequently better delineated, 
longer and safer to attack. Early in my experience it was customary to 
wait three to six months after pneumothorax had been instituted. It 
is now my rule to advise operation early when I believe maximum possi- 


Fic. 1A. Roentgenogram at onset of symptoms of a nineteen year old boy showing acute 
bilateral pulmonary tuberculosis with total exudative disease and multiple cavitation right, 
and lower two-thirds exudative infiltration left. Sputum positive. 

Fic. 1B. Two weeks after sanatorium admission and three days after right pneumothorax 
started. Rapidly advancing disease, acute exudative bilateral, with rapid further excavation 
of right lung. Right apex appears glued to chest wall. 

Fic. 1C. Right pneumothorax continued. Apex doubtfully operable by intrapleural 
pneumonolysis due to wide, short adhesions. Mediastinal hernia to left with right pleural 
pressures still negative. No closure of multiple large cavities. No pleural fluid. 

Fic. 1D. Lateral oblique roentgenogram to determine questionable operability. Some 
adhesions might be released, any other surgical collapse contraindicated, patient acutely ill. 

Fic. 1E. Two months following first stage closed intrapleural pneumonolysis with all 
lateral and anterior bands released. Posterior mediastinal apex inoperable at that operation. 
Closure of all cavities in right lung, intrapleural pressures zero, yet mediastinal hernia is 
still obvious. Improved left lung. Second stage pneumonolysis February 17, 1937. 

Fic. 1F. Concentric apicocaudal collapse right upper lobe. No mediastinal hernia. 
Left lung clear. Sputum negative and patient ambulatory at home for one year. 
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ble collapse without high pressures has been attained by the pneumo- 
thorax, an adequate space exists and the adhesions seem operable. 

Determination of the operability of adhesive pleuritis is difficult. 
Stereoscopic roentgen study every month following induction of pneumo- 
thorax for comparison is valuable. Stereoscopic films before operation 
are obligatory. Only by them can the surgeon learn the location of ad- 
hesion attachment to the lung and chest wall as well as the position of 
cavities in the collapsed lung. Yet too much dependence cannot be 
placed on study of these films. Every operator has on thoracoscopy been 
amazed in many cases to find two and three times the number of ad- 
hesions visualized by stereoscopic films. This is due to the fact that only 
adhesions or those parts of them which are fibrous are certain to cast a 
discernible roentgen shadow, and many are hidden behind the collapsed 
lung or adhesions themselves. Hence if there is doubt of operability, 
my routine is always to take oblique roentgenograms as advised by 
Haight (8) (figures 1C and 1D). Exact position for such films is de- 
termined by fluoroscopy. Only following such combined position 
roentgen study, if reasonable doubt of success exists, do I consider the 
case inoperable. Otherwise, if there is no other contraindication, final 
decision of operability is always through thoracoscopy. 

The operation is safely applicable to bilateral pneumothorax patients 
if sufficient time following bilateral induction has resulted in stabilization 
of clinical symptoms, lung collapse and mediastinum. In my hands, to 
gain selective, stable, complete collapse of the upper lobe on the older 
diseased side by operation with considerable functioning lower lobe, 
before instituting pneumothorax and intrapleural pneumonolysis on the 
contralateral side, has proved safer and with minimal complications 
(figure 2). Such is my routine unless rapidity of advancing disease 
demands more rapid induction of bilateral pneumothorax. 

Many patients, while pneumothorax is being established, will show 
roentgen evidence of fluid. In my experience there were 82 such cases 
of the 146 operated upon. Sixty-five of these showed a minimal amount 
or costophrenic angle obliteration with fluid only (table 2). I do not 
feel it wise ever to advise intrapleural pneumonolysis when the fluid 
is increasing in amount. Only when by repeated fluoroscopic observa- 
tion it is diminishing or remaining constant is operation to be advised. 
Even then if it is in considerable amount it should be evacuated twenty- 
four hours prior to operation and replaced with air. Cloudiness of the 
fluid must indicate a tuberculous empyema and here operation is with 
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Fics. 2A-2D 


Fic. 2A. Bilateral cavernous exudative pulmonary tuberculosis in twenty-one year old 
man, with total disease left. Sputum positive. Clinically ill. 

Fic. 2B. Three days after left pneumothorax started. Many adhesions through upper 
half left pleural cavity. 

Fic. 2C. Three-stage intrapleural pneumonolysis left three months after pneumothorax 
induction and at three month stage intervals resulted in technical complete success in freeing 
left lung of many serious and dangerous adhesions. Large cavity in left lung closed. Cavity 
at right apex increased in size. 

Fic. 2D. Eight months following right pneumothorax. Excellent lateral collapse. Only 
adhesions seem to be at mediastinal apex and these not operable at present. Right lung 
cavity still open and concentric selective collapse of right apex is essential for cavity closure. 
Sputum positive. Left pneumothorax maintained. 
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greater risk of pleurocutaneous fistula or lung injury, though by no 
means necessarily contraindicated. Never should intrapleural pneumon- 
olysis be performed if a mixed pyogenic and tuberculous empyema exists. 

Positive sputum, unclosed cavities, haemoptysis, distressing pleural 
pain or cough following pneumothorax refills, particularly in cases for 
which pneumothorax is the only method of collapse to be advised but 
yet is unsatisfactory, constitute further indications for consideration of 
intrapleural pneumonolysis. 


PREOPERATIVE PREPARATION 


The day before operation the patient is fluoroscoped, the degree of 
collapse and position of main offending adhesions in the pleural cavity 
and their relation to existing cavities noted, and the presence and amount 
of fluid observed. A refill of gas is at that time given, preferably contin- 
uing the intrapleural pressure around the mean of zero. If positive 
pressure by manometric readings exists, air is withdrawn. When fluid 
is present in any amount the large part of it is withdrawn and replaced 
with air. If fibrinous exudate exists, gentle washing with sterile normal 
saline solution of the pleural cavity may be done, but I have not encoun- 
tered the necessity for this treatment. The hemithorax is prepared by 
shaving, soap and water scrub, and sterile dressing as for any major 
thoracic operation. 

The night before operation nembutal, grains 13, is given, and repeated 
in the morning two hours before surgery. One hour before operation 
morphine grains $ or pantopon grains 4 hypodermically is administered. 
Only black coffee if desired is permitted for breakfast. All my cases 
come to the operating room quiet, sleepy, and not apprehensive and yet 
fully conscious and able to cough. I have never found necessary the use 
of any anaesthetic except 1 per cent novocaine locally in the thoracic 
wall where the cannulae were to be inserted and 2 per cent novocaine 
around the parietal pleural attachment of the adhesions, given under 
direct vision of the thoracoscope previous to release of the adhesions. 
The operation must be painless and has definitely proved to be so in 
my experience. 

It is not my purpose here to discuss the basic instruments available 
and necessary for proper execution of this operation. They should not 
be limited to bare essentials. Excellent descriptions and discussion in 
English of the instrumentarium, necessarily specialized for intrapleural 
pneumonolysis, is in the literature (2, 3,5). To be in possession of and 
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able through experience to use both electrosurgical and galvanocautery 
equipment is ideal and my practice. Then if some instrument or appara- 
tus proves faulty during the operation, it will not be necessary to inter- 
rupt the procedure. The greater security of mind of the surgeon in 
technical preparedness, the greater probable success and fewer complica- 
tions. It is my invariable practice to have a table prepared preopera- 
tively containing sterile instruments for open thoracic exploration. 
Though I have not had occasion to use it, it is additional mental security. 
I strongly believe that intrapleural pneumonolysis should never be un- 
dertaken outside of a well equipped hospital operating room. 


OPERATION 


I shall discuss only three points of major importance, namely, (1) 
the release by enucleation of the chest wall attachment of an adhesion 
as opposed to “‘cutting”’ it (6); (2) my belief in electrosurgery as superior 
to galvanocautery; and (3) the great advantage to many patients of 
multiple staged intrapleural pneumonolysis. 

(1) Release of adhesions: The two most important and serious com- 
plications of this operation are haemorrhage and empyema. Adhesion 
bleeding is usually from the chest wall attachment, that is, intercostal 
vessel radicals. Empyema, if pure tuberculous, must arise from liber- 
ated tubercle bacilli in the adhesion freed, from traumatically activated 
existing pleural tuberculosis as when preoperative fluid is present, or 
injury to diseased lung. A combined pyogenic and tuberculous empyema 
—the most serious complication of all—can only arise, when rigid asepsis 
is practiced, from injuring or operatively traversing infected lung tissue 
in an adhesion. It is therefore obvious that determination by thoraco- 
scope of the vascularity of an adhesion or its attachment, the presence of 
lung in the adhesion, and gentle aseptic technique are the three factors 
of utmost importance. But even with illuminated sounds, cavity and 
lung prolongations into adhesions are often not detected. Transillumi- 
nation is helpful and may reveal the presence of important blood vessels 
unless the adhesion is thick, fibrous, tense and possibly covered with 
pleural exudate. Prolonged study of all adhesions with the thoraco- 
scope is essential, but even then may misinform the most experienced 
operator. Experience of all surgeons has therefore led to many classifi- 
cations in the literature of the types of adhesions in respect to vascularity 
and probable lung content and hence operability or inoperability. Such 
facts should be known to anyone without experience and undertaking 
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this operation, for the probable dangers of interfering with each type has 
been established. From the adoption of this operation the site of sever- 
ance has been the main operative issue and on it depends the operability 
and safety of the patient. ‘‘Cutting adhesions” is the commonly ac- 
cepted description. This infers treating adhesions just as one would cut 
a string or cloth stretched between two points with scissors. The one- 
piece instrument of Davidson-Cutler (9) with its serrated jaws to grasp 
an adhesion and hold it against an electrode wire between the jaws to 
coagulate and divide the adhesion is what I interpret as truly “‘cutting 
an adhesion.”” Such instrument cannot divide or separate adherences 
flush with the parietal pleura. Most string and small long cord ad- 
hesions can of course be cut a short distance from the chest wall. But 
if short thick cords, funnel or cone-shaped adhesions, bands, spool and 
hour-glass adhesions, undoubtedly containing stretched-out lung, are 
not divided on or enucleated from the chest wall, empyema at an early 
or later postoperative time is probably inevitable. 

Hence, I dislike the word “cut” for what it implies. To release an 
adhesion from its parietal attachment must be the operative aim. Never 
should intrapleural pneumonolysis be forced to accomplish the impossible. 
Discretion in abandoning it is good judgment. Far better some other 
form of collapse therapy later, if possible, than occurrence of serious com- 
plications. But if the lung is 1 cm. from the chest wall, the adhesion not 
attached directly to a large blood vessel such as the subclavian, mammary 
or main intercostal, and a good thoracoscopic view can be obtained of at 
least three surfaces of the adhesion, it may be safely released. Many 
cases in this group of 146 patients had extensive adhesions of this type. 
Maurer (6) has strongly urged enucleation of the parietal attachment of 
broad or short adhesions from the thoracic wall. Release of pleural 
adhesions of any type by enucleation of the attachment is the method I 
have employed. Ina few cases I have coagulated edges and even central 
portions of adherences on the chest wall hoping they would stretch out 
and be operable at a second operation (3, 6). The dangers of this, 
enumerated by Alexander (5), I am in agreement with entirely and be- 
lieve it is poor and dangerous practice. 

Obvious objection to operating directly on the chest wall and thus 
avoiding empyema is twofold, namely, pain to the patient and possible 
severe haemorrhage. With injection of 2 per cent novocaine into the 
parietal pleura around the adhesion by means of a special long intra- 


INTRAPLEURAL PNEUMONOLYSIS 31 


pleural needle (point #21 gauge) introduced through the cautery can- 
nula under visual control of the thoracoscope, pain is absent. I novo- 
cainize the base of all adhesions unless contraindication exists. If any 
bleeding from the costal stump should occur even after it has retracted 
into the chest wall when severed, it. should be an easy and painless matter 
to control it. One can imagine what difficulties would be present if, 
with an active bleeder clouding the thoracoscopic field, it was necessary 
to apply cautery or electrosurgery to the costal wall for its control without 
complete anaesthesia in the area. Further control of haemorrhage I 
believe depends on: 

(2) The superiority of electrosurgery over the galvanocautery: I have not 
experienced any bleeding in this operation. From general surgical ex- 
perience, however, to grasp the bleeding point with a long thoracic hae- 
mostat (4) through which a coagulating current may be passed should 
be immediately effective. Even if the vessel cannot be picked up, to 
insert the fine needle point of the electrosurgical electrode (2, 3) into the 
adhesion stump parallel to the bleeder and apply a controlled, cold, 
coagulating electric current should result in immediate haemostasis 
unless the vessel is of great size. A hot, blunt tipped galvanocautery 
instrument applied to the surface of the stump may result in no control 
of the bleeder and even extensive destruction of surrounding tissue or 
even of the lung anywhere in the pleural cavity by heat radiation. I 
do not believe that cautery would be more haemostatic than electro- 
surgery if a major blood vessel were injured. 

Further major advantages of electrosurgery are: the zone of coagula- 
tion necrosis is narrower, tougher, and hence does not slough off quickly. 
Secondary haemorrhage as well as empyema is less likely. 

Never have I had to interrupt the operation because smoke clouded 
the field of vision. 

The electrodes are ‘‘cold.”” There is never fear that the shaft of the 
instrument may be against the lung or pleura causing damage by heat 
far distant from the field of thoracoscopic vision. In bleeding from 
intercostal vessels several days postoperatively, the cause has been at- 
tributed to transfixion of these vessels in introduction of the trochar 
and cannula intercostally. This does not seem logical, or bleeding would 
have been more prompt on withdrawal of the cannula. A hot cautery 
sheath from too continuous use, transmission of this heat to the metal 
cannula and thence the neighboring intercostal vessels is an easy matter. 
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Later slough, in some days, of these damaged vessels is likely. Further, 
a heated cautery sheath is not detected quickly by the insulated gloved 
hand of the surgeon. 

The operating electrodes (Matson) are adaptable by regulated angula- 
tion to any desired position in the pleural cavity. 

I have found the Bovie electro-surgical unit, stiff electrically non- 
conductible cannulae, and the operating electrodes of Matson and Moore 
ideal. As disadvantages of electrosurgical intrapleural pneumonolysis 
it is true that: (/) the apparatus is more expensive, and (2) some muscular 
spasm when working directly on the chest wall, particularly at the apex, 
may occur. Such intercostal spasm is of no real importance. If there 
is no pain through good local novocaine anaesthesia of the parietal 
pleura, a strength of current used which is effective but without spark 
jump, and the patient warned of possible sensation of muscular twitching, 
I have found no patient restless or apprehensive during operation. 

My experience was first for three years with the galvanocautery method 
of Jacobaeus. Alexander (5, p. 299) lists disadvantages of the cautery 
method and they are the almost opposites of the advantages of the elec- 
trosurgical method I have briefly described. The danger of immediate 
or late haemorrhage and empyema is with the cautery method much 
greater. Since 1934 I have employed only the electrosurgical technique 
and feel certain that it is superior. 

(3) Multiple stage operations: It is gratifying to patients and surgeon 
if the diseased lung can be freed from its offending adherences in one 
operation. In noncavernous disease, a stable mediastinum and less 
dangerous adhesions present, the lung can be liberated safely in a single 
operation. Conversely, if large open cavities are present, the medias- 
tinum unstable possibly with hernia (figure 1C), the adhesions very 
numerous, and the patient showing any general toxic symptoms, wise 
judgment is multiple stage pneumonolysis. At any time during the 
operation it should be interrupted if the patient’s condition is not 
satisfactory. 

At the conclusion of the operation no antiseptic or other fluid is in- 
stilled into the pleural cavity. The last cannula removed is withdrawn 
during the middle phase of inspiration and expiration so that as near 
neutral or slightly negative pressure remains in the pleural cavity. 
The wounds are closed each with two silk sutures inserted beneath the 
subcutaneous fat to unite the opening in the fascia of the underlying 
thoracic muscles. Graduated built up gauze pads for moderate pres- 
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sure are placed over the skin wounds held by adhesive straps immobiliz- 
ing the mid hemithorax. Irrespective of the site of insertion of the can- 
nulae, I also apply a broad vertical strap over the shoulder to further 
prevent muscular movement of the latter. I have seen practically no 
subcutaneous emphysema as a result of this technique. 


POSTOPERATIVE MANAGEMENT 


Strict bed-rest, if possible in single room, is enforced for one week 
postoperatively. If many adhesions of a difficult type have been 
severed or complete anatomical collapse of the lung accomplished, no 
visitors either within or outside of the hospital are allowed. It is only 
natural for patients to know pneumonolysis has been successful and feel 
elated by the prospect of arrest of their disease. Yet any excitement or 
physical effort on the part of the patient postoperatively which will 
increase respiratory function is one of the biggest factors determining 
success or failure of a well executed intrapleural pneumonolysis. 

Pain and cough are controlled with codeine grains § with luminal 
grains 3. Rarely are opiates given. The patient is urged to lie in bed 
with the operated side uppermost for the first twenty-four hours. This 
allows the trochar tracts to seal and prevents pleural fluid, present before 
operation, from coming in contact with the trochar wounds. 

Frequent and early fluoroscopy of the chest with the patient raised 
momentarily to a sitting position in bed is essential. The clinical re- 
action following electrosurgical pneumonolysis is very minimal. If 
any unusual symptoms develop fluoroscopy is the rule. Dyspnoea may 
indicate too great and rapid operative collapse of the lung with dis- 
placement of the mediastinum. The manometric pressures intrapleurally 
may here be negative and yet the patient in real need of judicious aspira- 
tion of air. Excessive chest pain may indicate rapid accumulation of 
fluid or harmful increased pressure upon remaining adhesions. Loss of 
the pneumothorax through the trochar tracts with emphysema I have 
not seen. Only by combined manometric pressure readings and fluor- 
oscopy can postoperative refills be safely managed. 


POSTOPERATIVE COMPLICATIONS 


The most important postoperative complications, empyema and 
haemorrhage, have already been mentioned and somewhat discussed. 
By not detailing all complications it is not my purpose to leave the im- 
pression that they are infrequent or unimportant. Full accounts of 
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complications in the literature are numerous. That of Drash (7) is 
excellent on postoperative pleural exudates and empyema. The opera- 
tion of intrapleural pneumonolysis is not a simple one. I believe it is a 
major operation and should always be treated as such. Prevention of 
complications is only possible through experienced operative technique 
and painstaking management before and after operation. Particularly 
may empyema, tuberculous or mixed infection type, be disastrous to the 
patient. 


REPORT OF EXPERIENCE 


It is pertinent to briefly report a series of patients whose management 
has been that described above. One hundred and forty-six patients 
requiring 182 operations of intrapleural pneumonolysis have been treated 
by me at Middlesex County Sanatorium from 1934 to 1939 under condi- 
tions I have emphasized. This series of 146 patients is consecutive 
following the adoption of the electrosurgical method at that institution. 
In addition to these 146 cases receiving pneumonolysis there were 20 
others, or 12 per cent, accepted under the indications described for opera- 
tion, on whom thoracoscopy alone was performed. All adhesions to a 
diseased lung were released, ‘“‘technical success” achieved, in 118 pa- 
tients or 80.8 per cent. Table 1 is self-explanatory. Four of the pa- 
tients required a three-stage and 12 a two-stage pneumonolysis for suc- 
cessful unilateral concentric collapse. There have been 6 cases of 
bilateral pneumonolysis. The number of cases and percentages of im- 
provement both in respect to infectivity of sputum and clinical success 
are recorded and further emphasize the tremendous benefit from intra- 
pleural pneumonolysis to the patient with pulmonary tuberculosis. 
Eighteen patients, or 12.3 per cent, are tabulated as clinically unsuccess- 
ful. In these the anatomical collapse of diseased lung following opera- 
tion and continued pneumothorax was not complete except in 4 cases of 
technical success, cavities remained open or complications, such as tuber- 
culous empyema, persisted. In 128 patients, or 87.6 per cent, there was 
evidence of probable healing of the lung after pneumonolysis. This 
communication is primarily concerned with emphasizing certain technical 
details of management in intrapleural pneumonolysis. Therefore, I 
have not tabulated final results according to National Tuberculosis 
Association criteria, and also because a small number of these patients 
were operated upon three months previous to this report. Sixty-seven 
patients were classified as far advanced before pneumothorax was started. 
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Complications in this series are presented in table 2. I wish only to 
comment on the three tuberculous empyemata encountered postopera- 


TABLE 1 
Closed intrapleural pneumonolysis by electrosurgery 
Middlesex County Sanatorium 1934-1939 


Number of patients 

Total operations on these patients 

Exploration without pneumonolysis (not included in total) 
Bilateral pneumonolysis 


Negative sputum preoperatively 36 (24.6%) 
Positive sputum preoperatively 110 (75.3%) 
Sputum changed from positive to negative by operation é 94 (85.4%) 
Negative sputum postoperatively (2-6 130 (89.0%) 


Clinically successful 128 (87.6%) 
Clinically unsuccessful 18 (12.3%) 
Patients made worse or died of operation 


TABLE 2 
Complications of closed intrapleural pneumonolysis by electrosurgery 
Middlesex County Sanatorium 1934-1939 


Number of patients 


Haemorrhage—small or serious 

Extensive subcutaneous emphysema (loss of lung collapse) 
Pleurobronchial or pleurocutaneous fistula 

Embolism 

Mortality 

Mixed infection empyema 


POSTOPERATIVE (1-3 MOS.) 


EXUDATES 


C.P.A.* Moderate | Purulent, 


None serous tuberculous 


64 0 
82 3 
(65—C.P.A.) 


* C.P.A. indicates costophrenic angle. 


tively. One case had oleothorax treatment in another institution for 
tuberculous empyema one and one-half years before reaching our hands. 
Operation did not aggravate it. The second case also had tuberculous 
empyema preoperatively, also not made worse by operation. The third 
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patient, a girl of fifteen, had a small amount of fluid present preopera- 
tively, and when complete collapse of the diseased lung followed the 
second stage operation with liberation of one adhesion only, the fluid 
increased becoming purulent and there was no evidence of broncho- 
pleural fistula. We have not encountered mixed infection empyema or 
haemorrhage. Any complications occurring within three months I 
have considered here as due to pneumonolysis. There were no deaths 


TABLE 3 
Complications of closed intrapleural pneumonolysis 


MOORE DRASH THIS SERIES 


Number of patients 2,043 230 146 


Haemorrhage 
.77% .87% 


22.5% 
Large serous, often tuberculous 50.5% 8.0% 
Tuberculous empyema 2.2% 
Mixed infection empyema 1.8% 


Pleurocutaneous fistula 0.14% 
0.29% 


0.04% 
0.39% 


attributable to operation in this series. Table 3 indicates that our ex- 
perience closely parallels that of other authors except for smaller per- 
centage of complications. 


CONCLUSIONS 


1. Closed intrapleural pneumonolysis is a very valuable and well known 
supportive operation when adhesive pleuritis over the diseased cavernous 
and noncavernous lung renders the established pneumothorax ineffective 
in producing local pulmonary rest in the tuberculous patient. 

2. Important criteria for the selection of patients suitable for opera- 
tion are given. 

3. Operation should only be done by experienced surgeons, in a hos- 
pital operating room, with rigid preoperative and postoperative manage- 
ment as outlined. 


0 
Exudates 
12.3% 
33.6% 17.0% 
2.6% 2.0% 
0 0 
0 0 
| 0.43% 0 
Secondary perforation............... | 0 0 
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4. Operatively, adhesions should be “released” from the thoracic wall 
attachment and not “‘cut.” 

5. Electrosurgical technique I believe preferable and safer in expe- 
rienced hands than the galvanocautery method. The scope of operable 
adhesions may be widened by its use and risk of complications dimin- 
ished. Multiple stage intrapleural pneumonolysis is wiser in serious 
risk cases. 

6. The risk of serious operative and postoperative complications in 
patients whose adhesions are of such size and attachment as to make 
the risk of damage to lung or serious haemorrhage probable contra- 
indicates intrapleural pneumonolysis. 

7. Results in a consecutive series of 146 patients operated upon at 
Middlesex County Sanatorium under management described are given. 
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ACCIDENTS AND COMPLICATIONS OF ARTIFICIAL 
PNEUMOTHORAX? 


P. M. MATTILL anp FRANK L. JENNINGS 


Artificial pneumothorax is a simple and easily administered form of 
pulmonary collapse, still it is not without possibility of harm in its appli- 
cation. There are certain accidents and complications that are en- 
countered even with a meticulous technique. The accidents are as- 
sociated with the operative procedure and may be of a minor nature 
causing only slight or no discomfort to the patient, or they may produce 
serious or even fatal results. The complications develop primarily from 
the altered conditions in the pleural space brought about by the collapse 
of the lung and without the collapse they would occur infrequently, if 
at all. It is these accidents and complications which attend the giving 
and the use of artificial pneumothorax that will be presented here. 

This report is derived from the study of 1,171 patients in whom 
pneumothorax was given or attempted at Glen Lake Sanatorium during 
the twenty-year period from 1917 through 1936. Air could be introduced 
in 778 of the 1,027 patients in the unilateral group, and in one or both 
sides of 141 of the 144 patients in the bilateral group, leaving 249 of the 
former and 3 of the latter in whom no free space could be found. 


PLEURAL SHOCK 


The complication frequently referred to in the literature as “pleural 
shock” is characterized by a weak pulse, dyspnoea, pallor, cyanosis and 
syncope. There are many who believe that these symptoms result from 
a pulmonary embolus rather than pleural reflexes. Be that as it may, in 
our entire group of patients there were but 2 in whom these symptoms 
developed. If pleural shock is a true clinical entity, then in our ex- 
perience, at least, it is a rare occurrence. 


1From the Department of Medicine, Glen Lake Sanatorium, Oak Terrace, Minnesota, 
and the University of Minnesota, Minneapolis, Minnesota. 
2 Presented before the Mississippi Valley Sanatorium Association, St. Louis, Missouri, 
September 23, 1938. 
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PNEUMOTHORAX COMPLICATIONS 


AIR EMBOLISM 


If pleural shock is of doubtful existence, not so air embolism. Suffi- 
cient observations have been made to give an accurate picture of the 
sequence of events which at times proceed with startling rapidity. Air 
may enter directly into a transfixed pulmonary vein from the pneu- 
mothorax needle or air may pass directly, as a result of injury to the 
pulmonary veins, from the pleural space or from the alveoli to the pul- 
monary veins without having been injected from the apparatus. The 
symptoms produced are largely the result of air blocking the minute 
vessels of the central nervous system and the early as well as the late 
effects depend upon the extent of this involvement. Reports in the 
literature indicate that death follows in 30 to 50 per cent of patients 
suffering from this type of air embolism, and that this occurs once in 
every 500 to 1,000 refills. In our series, this accident was observed 
only twice.* The first patient recovered completely after a stormy 
convalescence and is alive and well after fifteen years, while the second 
patient died very soon after the onset of the symptoms. Since the last 
accident, which happened in 1929, approximately 50,000 pleural punc- 
tures have been made and those done for all purposes during the twenty- 
year period number well over 75,000. 


ACCIDENTAL PNEUMOTHORAX 


Accidental pneumothorax is seen not infrequently and, while in most 
instances it causes no serious difficulty, it gives rise occasionally to severe 
symptoms which, if unrelieved, may cause death in a very short time. 
In discussing this subject, it must be recognized that, while most acci- 
dents occur as the result of puncturing the lung with the pneumothorax 
needle, tearing of the lung such as is seen in spontaneous pneumothorax 
may occur also in association with the induction of the collapse. That 
the lung is traumatized in inducing a collapse is without doubt familiar 
to all who are using artificial pneumothorax for frequently one sees on 
the roentgen films, which are taken shortly after the first treatment, a 
much more extensive collapse than can be accounted for by the amount 
of air given. In most instances there are no symptoms, as the injury 
occurs in the normal lung parenchyma where the opening is closed rather 
promptly by the contraction of the lung together with the increased 


3 Such accidents which happened following the discharge of the patients from the Sana- 
torium are not included. 
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intrapleural pressure. Reports in the literature indicate that accidental 
pneumothorax is diagnosed more frequently in patients with bilateral 
collapse and there are good reasons for this being true. A patient 
receiving bilateral collapse may have a rather markedly limited respira- 
tory reserve either because of extensive disease, extensive collapse, or 
both. If an accidental pneumothorax is obtained in such an individual, 
the symptoms are more likely to become evident because of the limited 
breathing space. Again, the lung on one or both sides may be near the 
chest wall and thus be more readily injured. 


TABLE 1 
Accidental pneumothorax 


OCCURRING WITH SYMPTOMS TREATMENT 


Air aspirated 
Ne air 
Initial 

Refills aspi- 
fillings rated Needle 


Unilateral 18* 7 18 1 


. 17t 2 6 
Bilateral 18t 4 i 


35 27 28 7 


* No air given in 3 patients on account of symptoms. Subsequent X-ray showed some 
collapse. 

T Bilateral group: 2 patients had accidental on first attempt on each side; 2 patients had 
accidental on refill. Therefore 15 patients had accidental pneumothorax 17 times with 
initial and 2 times with refill. 

¢15 patients had accidental pneumothorax on refill; 3 patients had accidental pneumo- 
thorax 2 times. Therefore there were 18 accidentals in 15 patients. 


This accident was seen in 25, or 3.2 per cent, of 778 patients in the 
unilateral group; it followed the initial treatment in 18 patients and the 
refills in 7 patients (table 1). Three patients who were being given their 
initial treatment had the pneumothorax needle withdrawn without the 
giving of air because of pain and dyspnoea and in each instance a definite 
collapse was seen later with the fluoroscope or on the roentgen films, 
showing that injury to the lung had occurred. Symptoms were slight 
or absent in 17 of the 25 patients, moderate in 7 and severe in only one. 
In 18 of the 25, no air had to be withdrawn. In 6, relief was given by 
aspirating air with a needle. One patient with severe symptoms had far 
advanced bilateral disease with bilateral cavitation. ‘Two hundred cubic 
centimetres of air were given on the right side for the control of haemor- 


NUMBER|— 
DEATH 
TIENTS 
1 
4 
1 
Total 55 6 
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rhage. As shown on subsequent films, the lung was extensively adherent 
so that, as a result of the accidental pneumothorax, the air was forced 
back through the needle tract into the subcutaneous tissue of the trunk, 
face and soft palate, the arms and the dorsum of the hands, the thighs 
and the legs to just below the knees. The scrotum was the size of a 
small grapefruit. Relief was obtained when a cannula and later a cathe- 
ter was placed into the pleural space. The swelling began to subside 
almost immediately but there was still some air in the tissues on the 
twenty-eighth day. Death ensued seven weeks following the accident. 

Accidental pneumothorax was observed in 30, or 21.2 per cent, of 141 
patients in the bilateral group. It followed the initial pneumothorax 
in 15 patients and the refills in the remaining 15. In 7 patients, the 
accident occurred more than once. The symptoms were more pro- 
nounced than in the unilateral group, making it necessary to withdraw 
air with a needle from 21 patients and to insert a catheter for removal of 
air from 6 patients. In the group of patients in whom a needle was used 
to remove air, a single aspiration gave relief in some, while in others 
repeated aspirations were necessary. When these methods failed to 
give relief, a catheter was inserted into the pleural space and intermittent 
or constant suction was used to keep the pleural space deflated. 

There were five deaths in the bilateral group due directly or in part 
to this accident. In one patient with extensive collapse by thoracoplasty 
on one side, pneumothorax was begun on the contralateral side. When 
the air was given negative readings were obtained and the patient was 
quite comfortable for two hours when suddenly she became dyspnoeic. 
Air was aspirated but she became worse rapidly and died about forty 
minutes after the onset of the symptoms. At postmortem examination 
the air in the right pleural space was found under increased pressure and 
a tear in the upper portion of the lung was found adjacent to adhesions 
containing caseous tubercles. 

In 3 other patients, the symptoms occurred almost immediately after 
the initial pneumothorax treatment on the second side. Catheters were 
introduced for deflation of the pleural space. This was accomplished in 
two with intermittent suction but one was not relieved entirely even with 
continuous suction. Death ensued in each, after one, five and eight 
days. Necropsy was performed in two and each had a tear in the lung 
distant from the site where the pneumothorax needle entered the pleural 
cavity. 

The fifth patient had a pneumothorax induced on the right side to 
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control a lesion which developed following the first stage of thoracoplasty 
on the left. A satisfactory collapse was obtained but, while giving a 
refill on the fourth day following the second stage of thoracoplasty, the 
right lung evidently was punctured with the needle as symptoms soon 
developed which indicated the presence of an accidental pneumothorax. 
Air was withdrawn on several occasions but as the intrapleural pressures 
were negative it was felt that the injury to lung must be slight. The 
symptoms continued and death resulted. A postmortem examination 
was refused but a roentgen film taken after death showed much more 
collapse than had been present previously. 

All these patients in whom death ensued following the accidental 
pneumothorax had extensive pulmonary involvement with limited 
breathing space, and the accident was a contributing factor if not the 
immediate cause of death. It must therefore be remembered that serious 
accidents may result when pneumothorax is given to patients with 
extensive disease and every precaution should be taken to prevent them. 


MEDIASTINAL HERNIA 


Mediastinal hernia is a frequent complication of artificial pneumo- 
thorax. It was noted by fluoroscopic examination or by the roentgen 
film in 84 of the 919 patients here studied (table 2).. The direction of 
the hernia whether from right to left or from left to right was not signifi- 
cant, the number being almost the same in each direction. The majority 
of hernias, for which satisfactory records were obtained with roentgen 
films, were either small or only of moderate size. The mean pressure 
readings after air had been given were either negative or zero in most 
instances. All the hernias in this study were in the anterior position in 
the so-called ‘‘anterior weak spot” of Nitsche. The usual type of hernia 
is simply a bowing or arc-shaped protrusion of the anterior mediastinal 
septa into the contralateral side which with unilateral pneumothorax is 
more pronounced on expiration and may disappear entirely on inspira- 
tion. The large majority of these hernias cause no symptoms and need 
consideration only in so far as they interfere with the establishment of a 
satisfactory collapse. In such instances, small amounts of air given at 
frequent intervals nearly always will produce and maintain a satisfactory 
collapse without increasing their size. These hernias tend to disappear 
with the fixation of the mediastinal structures, which usually follows the 
formation of fluid. Occasionally the hernia may become sufficiently 
distended to form a pouch-like extension into the contralateral side 
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and, by continued and increasing distention, this sac may fill a large part 
of the contralateral chest cavity, at the same time producing a more or 
less complete extrapleural pneumonolysis of the contralateral lung. Such 
a development was noted in one patient in our series. In bilateral 
pneumothorax, the mediastinal hernia usually increases in size on in- 
spiration (just the reverse from that which is seen with unilateral pneu- 
mothorax) and decreases on expiration. Of 15 patients with bilateral 
pneumothorax, the hernia was seen on the inspiratory films in 10, on the 
expiratory films in 2 and on both the inspiratory and expiratory films 
in 3. While the direction of the hernia with bilateral pneumothorax 
generally remains the same, a reversal of direction has been noted, with 


TABLE 2 
Mediastinal hernia 


DEGREE OF 
DIRECTION DISPLACEMENT SIZE OF HERNIA 


| Zero or negative 
Positive 


| Very marked 


Unilateral 
Bilateral 


ww 


* 


pa | oh | Slight or none 
w | oa | Very large 


* 13 negative both sides. 
} 2 positive one side; negative other. 


a change in the relative intrapleural pressures. The hernias in bilateral 
pneumothorax can be controlled quite well by the equalization of pres- 
sures on the two sides, by the proper adjustment of the time of refills, 
and by the amount of air given. ; 


ADHESIONS 


Adhesions may be considered as a complication of artificial pneumo- 
thorax, insofar as they prevent collapse of the diseased portion of the 
lung. They are present to a greater or lesser degree in practically all of 
the patients with advanced disease, but one cannot know for a certainty 
as to their type or extent until collapse of the lung has been tried. Few 
adhesions are encountered when pneumothorax is used in patients having 
a minimal disease and this is an effective argument for instituting collapse 
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early. In considering only the unilateral group, there were 249, or 24.25 
per cent, of the 1,027 patients who had no free pleural space. 

In the patients who had pneumothorax of a greater or lesser degree, 
adhesions were encountered frequently; however, in relatively few 
was it thought necessary to have the adhesions cut. The mere fact that 
it is physically possible to cut them does not warrant the operation. 
Even though the adhesions may appear to be under tension, they should 
be left alone if the cavity is closed and the patient is symptom free. Of 
the 919 pneumothorax patients reported here, 37, or 4 per cent, had 
adhesions cut either by the open or closed method. The closed operation 
was done in 32 and the open operation in 5 patients. 

An obliterative pleuritis is seen frequently, particularly following a 
pleural effusion. In such instances, the pneumothorax usually is main- 
tained with high positive pressures and even then may be gradually lost. 
Oleothorax is an accepted form of treatment for this purpose, but it has 
not been used in any of our patients. Instead, suitable operative pro- 
cedures are undertaken if the disease is not controlled or if it appears that 
reactivation of the lesion would follow reéxpansion of the lung. 


PLEURAL EFFUSION 


Pleural effusions are the most common complications encountered in 
the use of artificial pneumothorax. It is the opinion of some phthisiol- 
ogists that fluid is to be found at some time in every patient who is 
treated with pneumothorax. An accurate determination of this fact 
would, however, require frequent fluoroscopic examinations as a small 
amount of fluid may remain but a very short time. These effusions 
usually occur early during the course of treatment. Of 212 patients 
studied to determine the time that fluid formed, it was found in 26 per 
cent during the first month of treatment and in 77 per cent within the 
first six months. The longer the patient remains without fluid the less 
likely it is to form. One patient in our series reported recently that she 
had been without fluid for thirteen years and that it had formed only 
after the pneumothorax had been discontinued and while the lung was 
being allowed to reéxpand. 

The uncomplicated pleural effusion is clear with a pale yellow color. 
The cells, chiefly lymphocytes, range in number from 100 or less to 15,000 
percmm. In the 103 patients with clear fluids in whom cell counts were 
made, the number of cells was 5,000 or less in 74 per cent, 5,000 to 10,000 
in 17 per cent and more than 10,000 in 9 per cent. An increasing count, 
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particularly above 10,000, often indicates the beginning of an empyema. 
Smears were made from specimens of clear fluid from 105 patients and 
30, or 28.5 per cent, were found to contain tubercle bacilli (table 3). 
Clear fluid from 112 patients was inoculated into guinea pigs and 81, 
or 72.3 per cent, of these pigs developed tuberculosis. These findings 
cause us to believe the pleural effusions in artificial pneumothorax are 
tuberculous in character. 

The treatment of pleural effusion is determined largely by the needs of 
the individual patient. It may be present for months without harm. 
When small, the effusion is absorbed spontaneously and thus needs no 
treatment. When large, frequent aspirations may become necessary if 
it causes respiratory distress. Moreover, the large effusion should be 
aspirated and replaced with air sufficiently often to keep the collapse 


TABLE 3 
Diagnostic procedures—clear effusions 


SMEAR GUINEA PIG INOCULATION 


Number | Number | Percent | Number | Number | Percent 
made positive | positive jinoculated| positive | positive 


Remained clear 83 11 3.2 73 45 61.6 
Became purulent 22 19 86.3 39 36 92.3 


105 30 28.5 112 81 72.3 


under control and prevent the loss of the pneumothorax. In the presence 
of recurrent or persistent fluid, an unsatisfactory pneumothorax or one 
that does not give promise of becoming satisfactory should be abandoned 
in favor of some other type of collapse. Overcollapse of the lung with 
persistent fluid should be avoided because of the difficulty in obliterating 
a large empyema cavity should this complication develop. 


EMPYEMA 


Empyema, the most serious of all the frequent complications, is re- 
ported to occur in from 10 to 15 per cent of all pneumothorax patients. 
Few or no patients with minimal tuberculosis develop empyema, but as 
the pulmonary lesions become more extensive and acute the number with 
empyema increases. Our study includes patients with all types of 
lesions that are to be found with moderately advanced and far advanced 
stages of the disease so that our experience should be quite comparable 
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to that in other sanatoria where similar types of patients are treated. 
Of our total number of 919 patients in whom there was some degree of 
collapse on one or both sides, there were 489, or 53.5 per cent, (table 4) 
in whom fluid was observed. In 204 the fluid was noted either by fluoro- 
scopic or X-ray examination alone and in 285 fluid was aspirated on one 
or more occasions. Of this latter group in which fluid was aspirated, it 
later became purulent in 131 patients. Thus empyema formed in 14.3 
per cent of all pneumothorax patients, in 26.7 per cent of all effusions and 
in 45.9 per cent of all effusions that were aspirated. 

Tuberculous empyema is characterized by the presence of tubercle 
bacilli without other organisms. The acid-fast bacilli usually can be 
found on direct smear. When pyogenic organisms are present, it is 


TABLE 4 
Pleural effusions 


UNILATERAL BILATERAL 


GROUP GROUP TOTAL 


165 39 204 
122 32 154 
110 21 


397 92 489 


489 = 53.5% of 919 total pneumothorax patients. 
131 empyema patients = 45.9% of 285 aspirated; 26.7% of 489 effusions; 14.3% of 919 
pneumothorax patients. 


generally true that infection of the empyema cavity has occurred by way 
of a bronchial fistula. In such instances, tubercle bacilli may be difficult 
to demonstrate by smear but they may be found by guinea pig inocula- 
tion or by culture. 

A patient may do well for a long time with an empyema not secondarily 
infected but, sooner or later, amyloidosis may occur. Also, there is the 
ever present possibility that a bronchopleural fistula will form, allowing 
the pus from the empyema cavity to be expectorated. This introduces 
a new element of danger in that the pus, which is often quite thin and 
heavily laden with tubercle bacilli, may be aspirated easily with subse- 
quent spread of the disease to other parts of the lung on the same or 
opposite side. Moreover, long continued empyema results in marked 
thickening of the pleura with fixation of the lung in the collapsed position 
making reéxpansion impossible. 


Aspirated, remained clear.................. 
Aspirated, became purulent................ 
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Experience has shown that the aspiration and irrigation of the pleural 
cavity with various dyes and bacteriostatic solutions are of little if any 
value in effecting a cure of empyema. Some of our patients have been 
treated in this manner for long periods of time with no apparent effect 
other than keeping the empyema pocket clean and by this means re- 
ducing or preventing the symptoms of toxaemia which may accompany 
the accumulation of pus. The treatment of empyema with oleothorax 
has not been used at Glen Lake to any extent. 

Because of the improbability of an empyema healing from simple 
aspiration and irrigation, and also because of the dangers to the patient 
from long continued pus formation, it has become almost a routine 


TABLE 5 
Empyema group 


NUMSER EMPYEMA | EMPYEMA 


OF WORKING 
PATIENTS AT DEATH | CLEARED 


Pneumothorax continued 11 7 


Pneumothorax discontinued, no 

further collapse 36 3 15 
Phrenic 11 10 
Surgical collapse 60 49 
Catheter drainage or rib resection. 13 


131 81 


* One patient with incomplete closure of empyema pocket. 


procedure to abandon a pneumothorax when empyema develops. In 
doing this, one is often faced with the dilemma of giving up an otherwise 
effective collapse with the possibility of reactivation of the disease as the 
lung reéxpands, or of risking the dangers that may attend a pneumo- 
thorax which is complicated by a persistent empyema. This is not too 
difficult a decision to make, however, since such a collapse can no longer 
be considered satisfactory. 

Empyema was present in 131 patients; of these 110 had unilateral 
and 21 had bilateral pneumothorax. The entire number is considered 
in one group (table 5). 

There were 11 patients in whom the pneumothorax was continued 
after empyema had formed. In 4, the empyema continued until death 
of the patients; in 7 it subsequently disappeared but death occurred in 
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4 of these patients from pulmonary tuberculosis. Of the 3 who are 
living, the pneumothorax was discontinued later in 2 and in one it has 
been continued to the present time. This patient is well and working 
since her discharge from the Sanatorium about ten years ago. 

There were 120 patients in whom pneumothorax treatments were 
discontinued following the development of the empyema. In 36 no 
further operative procedures were undertaken; 25 of these have died 
from their pulmonary tuberculosis with the empyema as a contributing 
factor in 21. In 15 there was complete reéxpansion of the lung with 
disappearance of the empyema and 11 of these are alive at the present 
time. Those patients in whom surgical collapse might have been of 
some value could not have this done because their general condition 
would not permit such extensive operative procedures. 

There were 84 patients who were given some form of surgical collapse. 

Eleven of these had phrenic nerve surgery. The empyema disap- 
peared with reéxpansion of the lung in 10, and 6 of these are alive. Five 
died from their tuberculosis, with the empyema as a contributing factor 
in one. 

More extensive surgical collapse was used in 60 patients. In many of 
these the lung had reéxpanded partially or completely, with the result 
that the usual thoracoplasty operations were sufficient to collapse 
satisfactorily the lung and to close the empyema cavity. In some mul- 
tiple operative procedures became necessary. Thus, the empyema 
cavity was obliterated in 49 patients. Twenty-four patients are working 
and among these are 4 who had a bronchopleural fistula requiring 
catheter drainage or rib resection prior to the thoracoplasty operation; 
16 are alive and the empyema cavity was closed in all but one. Among 
the 20 who died, the empyema cavity was closed in 10, death being due 
to the pulmonary tuberculosis in 7 and to nontuberculous causes in 3. 
Of the remaining 10 patients, death occurred postoperatively in 3 patients 
and in 7 it was due to the pulmonary tuberculosis together with the 
empyema. 

There were 13 patients with bronchopleural fistula in whom catheter 
drainage or rib resection only could be done. All of these have died. 

Follow-up studies on this group of patients with empyema reveal that 
71 are dead and, of this number, 48 died within three years of the time 
pneumothorax was started. The fatality rate in this group is obviously 
high and it is particularly evident among those who had a broncho- 
pleural fistula and for whom further surgery could not be done. Since 
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it is not possible to know who among this group may develop a fistula, 
it would seem that the treatment of all patients with empyema should be 
directed toward the closure of the empyema cavity. Reéxpansion of the 
lung and surgical collapse whenever necessary appear to be the best 
methods for accomplishing this end, and in our opinion they offer the 
patient the best chance for recovery. 


SUMMARY 


1. Pleural shock is not, in our experience, a definitely established 
clinical entity. Air embolism does occur but fortunately this accident 
is encountered rarely. 

2. Accidental pneumothorax occurs not infrequently but is usually 
not of serious consequence. It becomes evident clinically much more 
often in the bilateral than in the unilateral group. Death may result 
from injury to the lung in patients with limited breathing space despite 
all efforts to relieve their symptoms. 

3. Mediastinal hernia occurred in 9 per cent of all patients receiving 
pneumothorax. It usually requires no attention except as it interferes 
with inducing and maintaining a satisfactory collapse of the lung. 

4. No free pleural space was found in 24 per cent of the unilateral 
group. In those patients having some collapse, adhesions were cut by 
the open and closed method in 4 per cent. 

5. (a) Pleural effusions occur early. In the group studied, 77 per 
cent were seen six months or less after pneumothorax was started. The 
presence of tubercle bacilli in 72 per cent of clear effusions, as shown by 
guinea pig inoculations, indicates the tuberculous character of the fluid. 

(b) Tuberculous empyema occurred in 14 per cent of all pneumothorax 
patients and in 46 per cent of all patients with effusions that were aspi- 
rated. Partial or complete reéxpansion of the lung with surgical collapse, 
wherever this is indicated, has given very satisfactory results with this 
serious complication. 


We wish to acknowledge the assistance of Miss Frances Nemec, Statistician, Glen Lake 
Sanatorium, and Miss Anne McDonell, in collecting and compiling data. 
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THE ACUTE ABDOMEN DURING PNEUMOTHORAX 
THERAPY?! 


RICHARD H. BENNETT anp BENJAMIN BURBANK 


The problem of differentiating between the thoracic and abdominal 
origins of abdominal pain has always been of great importance to the 
clinician. It is recognized that in pulmonary lesions referred abdominal 
pain is always due to pleural rather than pulmonary lesions, and that the 
abdominal pain is always referred according to the portion of the pleura 
involved. The parietal pleura and outer part of the diaphragm are 
innervated by the lower six intercostal nerves and lesions in these areas 
produce pain in the overlying skin. The central diaphragmatic pleura 
is supplied by the phrenic nerve and lesions in this area usually produce 
pain and tenderness in the neck. Irritation of the diaphragm posteriorly 
produces pain in the lower chest, abdomen or lumbar region. This is a 
true referred pain by way of the seventh to twelfth dorsal segments. 
In addition to producing abdominal pain, the onset of a pleurisy may be 
manifested by nausea and vomiting, and all symptoms may persist for 
days and weeks before the appearance of fluid in the pleural cavity. 
Lack of appreciation of these facts has resulted in unwarranted laparot- 
omies. 

The collapse therapy of tuberculosis calls for repeated trauma to the 
pleura and thus is a particularly fruitful field for giving rise to the prob- 
lem of determining the origin of abdominal pain. 

In addition, the phthisiologist is also faced with the difficulty of differ- 
entiating between an acute surgical abdomen and the very similar syn- 
drome which may be produced by an intestinal tuberculosis, which 
unfortunately exists in a large percentage of his patients. 

Thus, in any large series of cases in a pneumothorax clinic, the physi- 
cian is frequently faced with the necessity of rapidly differentiating be- 
tween some acute surgical condition, acute pleurisy or an acute exacerba- 
tion of a tuberculous enteritis producing abdominal pain. Since each 
diagnosis calls for radically different methods of therapy, mistakes in a 
diagnosis may frequently lead to a fatal outcome. 
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1 From the Brooklyn Thoracic Hospital, Brooklyn, New York. 
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It is in the hope of stimulating a greater interest in this problem that 
we are presenting this small series of problem cases, which we encountered 
recently. 


Case 1: D. L., white female, 16 years, admitted August 6, 1937 with an ex- 
tensive caseous pneumonic tuberculosis of the left upper lobe. Pneumothorax 
was instituted immediately and within two weeks she developed a sterile effu- 
sion, which did not interfere with the pneumothorax treatments. From this - 
time until January 20, 1938, her course was always afebrile. On this date 
patient began to complain of abdominal cramps. After about two hours, they 
became localized to the right lower quadrant and increased in severity. Tem- 
perature was 99.4°F. at this time, and pulse was 90. Respiration was not 
increased. Blood count showed 11,400 white cells with 71 per cent poly- 
nuclears. During the day, she developed anorexia and a slight degree of 
nausea. In the evening, examination revealed more marked tenderness in 
the right lower quadrant and slight muscle spasm. Temperature rose to 
99.6°F., pulse remained 90, respiration normal. Blood count now revealed 
23,600 white cells with 77 per cent polynuclears. A diagnosis of acute ap- 
pendicitis was made, operation was performed and the diagnosis confirmed. 


In this instance, the problem was relatively simple. The patient 
had never had any findings to make us suspect she had had a tuberculous 


enteritis. ‘The pneumothorax was situated on the left side. We had to 
determine whether we were dealing with a simple gastric upset or an 
acute appendicitis. 


Case 2: D. I., 16 year old white female, admitted April 2, 1938. Her illness 
dated back to two months prior when she was said to have been very ill with 
a “double pneumonia,” from which she never made a full recovery. On ad- 
mission, she had a fibrocavernous lesion of the right upper lobe, and an exuda- 
tive productive tuberculosis of the left upper lobe. She was treated conserva- 
tively until July, 1938, during which time temperature, pulse and respirations 
became normal. Pneumothorax was then attempted on the right side, but 
was unsuccessful because of adhesions, and because of a marked mediastinal 
shift. On September 16, 1938, the patient received an injection of 2 cc. of 
1 per cent gomenol, in an attempt to secure mediastinal fixation. About ten 
hours later patient had a sudden chill and her temperature rose to 104°F., 
pulse to 120 and respirations to 36. She complained of a sharp pain beginning 
in the right hypochondrium and referred to the right iliac fossa. The pain 
was increased by deep breathing. There was no nausea or vomiting. On 
examination the abdomen was flaccid throughout and moderately tender on 
the whole right side from the rib margin to the pelvis. There was no special 
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localization of the tenderness at McBurney’s point. There was no rigidity, 
spasm or rebound tenderness. On examination of the chest, it was noted 
that there was a marked degree of tenderness with both palpation and percus- 
sion over the lower four intercostal spaces on the right. A blood count re- 
vealed 14,000 white cells with 85 per cent polynuclears. Fluoroscopy revealed 
a very small fluid level in the right costal phrenic sulcus. In view of the history 
of a gomenol injection, the sudden rise in temperature, the marked respiratory 
increase, the tenderness over the lower right intercostals, and the absence of 
definite localization in the right lower abdominal quadrant, it was felt that 
the syndrome represented a pleural reaction to gomenol injection, rather than 
an acute abdominal condition. The subsequent clinical course corroborated 
the impression. 


Case 3: Mrs. M. F., 25 year old white female, admitted June, 1937. At the 
time of admission, patient had an advanced caseous pneumonic lesion in the 
right upper lobe, and artifical pneumothorax had been started. Pneumo- 
thorax was continued on the right side and patient developed an unsatisfactory 
collapse with an open cavity in the right upper lobe and several apical ad- 
hesions. About three months after examination, patient had symptoms which 
were very suggestive of tuberculous enteritis. For the first time, a gastro- 
intestinal series revealed some colitis in the descending colon and splenic 
flexure. In January, 1938, patient had pneumonolysis. Two days after the 
pneumonolysis, patient had a sudden rise of temperature to 102°F., pulse 120 
and respiration 30. At this time patient was menstruating and she complained 
of persistent pain, more or less dull in nature, located in the right flank and in 
the right lower quadrant. With this she said she had frequency and dysuria. 
Physical examination revealed marked tenderness in the right costovertebral 
angle and fluoroscopy at this time showed no fluid at the right costophrenic 
angle. Patient continued to run a septic type of temperature with nausea 
and vomiting on one occasion. Pain became more severe and remained local- 
ized in the right flank and right side of the abdomen. Genitourinary consulta- 
tion was obtained, but cystoscopic examination and dye test examination of 
the kidneys failed to reveal any abnormality. A week after the onset, the 
findings were as follows: Moderate spasticity of the entire right rectus muscle, 
with marked tenderness on deep pressure over McBurney’s point. There was 
definite rebound tenderness throughout the entire right abdomen. At this 
time there was no costovertebral tenderness. Blood studies revealed a per- 
sistent leucocytosis of about 14,000 with 84 per cent polynuclears. Fluoro- 
scopic examination revealed no increase in the amount of fluid. At this time, 
the diagnosis entertained was retrocaecal appendicitis or rupture of a tubercu- 
lous ulcer. At the end of two weeks, temperature, while elevated, was of 
definitely lower level. Patient felt much more comfortable. Practically all 
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of the abdominal pain had disappeared. Fluoroscopic examination now re- 
vealed a hydropneumothorax on the right side with the fluid reaching the level 
of the seventh rib in the right axilla. 


This pain represents an instance in which the pain of an acute pleural 
episode was referred first to the right flank and produced a picture which 
very closely simulated an acute renal lesion, and then later the pain and 
tenderness became localized in the right lower quadrant, and the findings 
were very similar to those accounted with an acute surgical lesion in this 
area. The fluid did not present any striking manifestations until about 
two weeks after the onset of the initial complaints. 


Case 4: N. T., 21 years, white male, admitted November 7, 1936 with acute 
caseous pneumonic tuberculosis of the left upper lobe. Pneumothorax therapy 
was started soon after. His course was quite uneventful and he had no symp- 
toms to suggest a tuberculous enteritis. On February 24, 1938, he was seized 
with sudden right lower quadrant pain accompanied by slight nausea. Ex- 
amination revealed definite tenderness and rigidity over McBurney’s point 
and slight rebound tenderness was present. There was a slight temperature 
rise to 99.2°F., pulse was 100 and respiration remained normal. The white 
count rose from normal to 19,200 with 83 per cent polynuclears. A diagnosis 
of acute appendicitis was made and confirmed by operation. Following this, 
patient had an uneventful recovery. On May 7, 1938, patient had a sudden 
rise of temperature to 101°F., and pulse rose to 120, respirations remained at 
20 per minute. His only complaints were epigastric distress and a dull pain 
in the right side of the abdomen. This was rapidily followed by marked 
nausea and vomiting. Examination revealed that moderate pressure pro- 
duced tenderness in the right upper quadrant, especially in the region of the 
gallbladder. There was generalized moderate rebound tenderness. Blood 
count at this time revealed 22,000 white cells with 88 per cent polynuclears. 
A diagnosis of acute cholecystitis was made, but conservative therapy was 
advised. This clinical picture continued for one week with persistent ab- 
dominal pain, nausea and vomiting, and temperature rising as high as 102°F. 
until about one week later when fluoroscopy revealed a definite pleural effusion 
on the left. At the present time, this patient is being treated for a left tubercu- 
lous empyema. 


This case illustrates several interesting points. It demonstrates how 
a pleural effusion may first manifest itself by severe abdominal com- 
plaints, without any radiographic evidence of fluid for a period of'several 
days or in exceptional cases even weeks. Second, it illustrates that left 
sided pleural disease may cause a referred pain which appears in the right 
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side of the abdomen. Finally, there is no essential difference in the blood 
reaction between an acute appendicitis and an acute pleurisy. 


Case 5: E. Y., white male, age 33 years, admitted August 3, 1938. Diagnosis 
of pulmonary tuberculosis was first made in 1929. Until 1935 patient took 
several rest cures, but at this time pneumothorax was instituted on the right 
side in order to collapse a large cavity. In 1936, sputum became negative 
and he was discharged to the out-patient department pneumothorax clinic. 
For many years he had complained of frequent gaseous distress after meals, 
with repeated episodes of nausea and vomiting. He also had occassional short 
periods of diarrhoea. In the summer of 1938 his gastric complaints became 
more marked, he noted a loss of ten pounds and finally in August his sputum 
was reported as Gaffky two. He then consented to reénter the hospital on 
August 3, 1938. During his hospital stay there was slight improvement in 
the gastrointestinal complaints and his temperature, pulse and respirations 
were within normal limits. White count on admission was 11,500 with 73 per 
cent polynuclears. On August 31, 1938, twenty-four hours following a pneu- 
mothorax refill, patient began to complain of vague abdominal pain, slight 
nausea, and he had several loose bowel movements. Temperature rose to 
101°F. and pulse to 110, respirations were normal. Examination on August 
31, 1938, by both the medical and surgical staffs revealed the following: 
Abdomen is flat, soft and there is no rigidity and no spasm of the rectus muscle. 
There is slight tenderness on deep pressure along the whole right side of the 
abdomen. No areas of localized tenderness at McBurney’s point or any place 
in the right lower quadrant. No rebound tenderness. The concensus was 
that the findings were due to an exacerbation of a tuberculous enteritis. 
On September 1, 1938, patient had a very acute abdominal pain. Examination 
now revealed localized tenderness, rigidity and rebound tenderness in the right 
lower quadrant. Temperature was 101°F., pulse 120 and respirations 30. 
A blood count revealed 28,350 white cells with 93 per cent polynuclears. 
Operation was immediately performed and a gangrenous, ruptured appendix 
with localized peritonitis was found. Patient had a very stormy postoperative 
course and died four days later. At autopsy, the diagnosis was acute localized 
peritonitis, chronic tuberculous enteritis, chronic adhesive peritonitis and 
pulmonary tuberculosis. 


In this case, we were right in assuming that the symptoms were not 
referred from the thorax, even though the pneumothorax was on the same 
side. We did however err in differentiating between acute appendicitis 
and an acute exacerbation of intestinal tuberculosis, and this no doubt 
contributed seriously to the fatal outcome. 
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Case 6: A. P., white housewife, 32 years, admitted October 7, 1937 with the 
following history: Pulmonary tuberculosis was diagnosed in February, 1935 
following cough and haemoptysis. X-ray was said to have revealed a large 
cavity in the right upper lobe. Pneumothorax was instituted on the right 
side, and patient stated that she was very much improved. In February, 
1937, she had sudden severe pain in the right upper abdomen with fever. A 
diagnosis of gallbladder disease was made and patient entered hospital for 
operation. Following this, pneumothorax therapy was discontinued until 
seen by one of us in June, 1937, when patient again complained of cough, 
fever, night sweats and loss of weight. X-ray at this time revealed a hydro- 
pneumothorax of the right side. The right apex was widely adherent and 
contained a large cavity. There was also a fibrocavernous lesion of the left 
second and third interspace. An attempt was made at further collapse ther- 
apy of both sides, but was unsuccessful and patient eventually died of pulmo- 
nary tuberculosis in June, 1938. Autopsy, June 9, 1938, revealed bilateral 
pulmonary tuberculosis with bronchopleural fistula on the right side. The 
upper right abdominal quadrant presented an old operative scar. In this 
region the intestine was bound to the liver and peritoneum by many fine 
adhesions. The liver and gallbladder appeared normal and there was no 
evidence of any operative procedure on the gallbladder. 


Although this patient was not under our supervision during the period 


of her abdominal complaints, the subsequent course together with the 
postmortem findings seem to warrant the conclusion that a mistake in 
differentiating between a pleural complication of pneumothorax therapy 
and true gallbladder disease led to an unnecessary operation and even- 
tually contributed to the patient’s exodus. 


SUMMARY 


A series of cases, receiving pneumothorax therapy, presenting ab- 
dominal pain has been reviewed, showing the difficulty in determining 
the origin of the pain, and the vital importance of their prompt and 
correct diagnosis. Acute pleurisy and tuberculous enteritis may fre- 
quently simulate the picture of an acute surgical abdomen. The follow- 
ing diagnostic points may be of aid in differentiating these conditions. 
Because of innervation of the pleura, acute pleurisy may reveal pain and 
tenderness in the neck and along the course of the lower six intercostal 
nerves in addition to abdominal pain. The onset of a pleural complica- 
tion is usually ushered in very abruptly with chill and sudden high rise 
of temperature in contradistinction to the slower development of acute 
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appendicitis, which is usually accompanied by a low grade temperature. 
Although any rise of temperature is accompanied by an acceleration of 
the respirations, the increase in respiratory rate is out of proportion to 
the fever in pleural conditions. In addition, the abdominal symptoms, 
such as nausea and vomiting, are far more severe at the onset of pleurisy 
than with the onset of an appendicitis. While tuberculous enteritis 
may very closely simulate an acute abdominal condition, usually close 
attention to the clinical picture together with an absence of a poly- 
morphonuclear leucocyte response in the former usually serve to differ- 
entiate the two conditions. 


PURIFIED PROTEIN DERIVATIVE? 
Its Isolation from Old Tuberculin and Fractionation of the Residue 


FLORENCE B. SEIBERT anp EMMA H. DuFOUR 


Recent comparative tuberculin tests made by different investigators 
with the purified protein derivative (PPD) tuberculin and OT prepara- 
tions have given some divergent results, which have led to discussions 
(1) as to the specificity of the tuberculin reaction. Comparisons between 
the two tuberculins made in over a thousand individuals at the Henry 
Phipps Institute (2) and vicinity showed almost 100 per cent correlation 
between the two. Extensive surveys made in different parts of the 
country by Aronson, Parr and Saylor (3) gave extremely good agreement 
between the two tuberculins. Comparisons made by Jensen, Bindslev, 
Méller, Hansen and Lind (4) in Denmark also showed good agreement. 
A group of English workers, Doig, Gemmill, Kayne, Linggood, Parish 
and Westwater (5) found more positive reactions with PPD than 
with OT. 

However, comparisons between PPD tablets and OT (Lot #771) 
made in the Tennessee and Alabama areas by Lumsden, Dearing and 
Brown (1) showed very poor agreement. Moreover, a survey made 
in the Hagerstown (6) area, using standard PPD and the same lot of 
OT (#771), gave agreement only to the extent of 67.8 per cent in the 
younger less sensitive group and 84.2 per cent in the adult more sensi- 
tive group. A summary of these figures is given in table 1. The ex- 
planation for such differences between the reactivity of the two tuber- 
culins may be found among the following suggestions. 


1: The two tuberculins may have different specificities, since different strains 
of tubercle bacilli were used in their preparations. For example, the PPD (2) 


1 Presented at a session of the Pathological Section at the 35th annual meeting of the 
National Tuberculosis Association, Boston, Massachusetts, June 27, 1939. 

2 From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

3 Aided by a grant from the Committee on Medical Research of the National Tuberculosis 
Association. 
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was made by growing the PN, DT and C strains used by the Bureau of Animal 
Industry on synthetic medium, and the OT preparations concerned were made 
by growing strain ““M,” a human type tubercle bacillus, on veal infusion 
medium. This idea, however, is shown to be untenable by the results sub- 
mitted in the first three sets of data in table 1. 

2: The unpurified mixture (OT), out of which is isolated the purified fraction 
(PPD), may contain an additional specific factor lost during the purification. 
3: The unpurified mixture (OT) may contain an additional nonspecific factor 
which would enhance the reactions given by the purified component in indi- 
viduals sensitive to tuberculin, or such a nonspecific factor may give additional 


TABLE 1 
Comparison of PPD and OT by various investigators 


INVESTIGATOR PEOPLE PER CENT|PER CENT SOURCE OF OT USED 
TESTED POSITIVE | POSITIVE 


Long, Aronson and Seibert (Henry 
Phipps Institute)................| 1,242 ‘ 65.3 | “M” strain (Lot 

B41620) 

Aronson, Parr and Saylor (Arizona and 
and South Dakota) 704 ; ‘ “M” strain (Lot 

B41620) 

Aronson (Michigan) 386 “M” strain (Lot 

B41620) 

Jensen, Bindslev, Méller, Hansen and 
Lind (Denmark) 248 97.9 | International Standard 

Doig, Gemmill, Kayne, Linggood, 
Parish and Westwater (England). . . 626 ; 69.3 ? 

Lumsden, Dearing and Brown (Ala- 
bama and Tennessee) 173 88.4 | “M” strain (Lot #771) 

McKneely, et al. (Hagerstown) 162 r 46.3 | “M” strain (Lot #771) 


reactions in certain sections of the country where an undetermined sensitivity 
exists. Moreover, in this case, greater differences would show up in areas of 
low sensitivity where more negative reactions to tuberculin can be obtained. 


It was, therefore, considered worthwhile to fractionate OT with a 
view toward saving and testing all portions of the OT, including those 
which might ordinarily be discarded in the usual isolations of PPD. 
In this way quantitative comparative tests of the PPD made from the 
OT (Lot #771) with the standard PPD would elucidate any differences 
which may be caused by the use of different strains of bacilli and also 
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possible differences caused in the PPD by the use of different media. 
Furthermore, tests on the byproducts from the isolation procedures would 
detect any additional specific or nonspecific fractions usually discarded. 


FRACTIONATION OF OT (LOT #771) 


The following procedure, which is the one described previously (2), 
was used for the fractionation. 

Eighteen cc. of OT (Lot *771), which had a pH of 8.0, was very 
viscid, clear and of a moderately deep amber color and with a marked 
and unusual odor, was washed on an ultrafilter with 0.5 per cent phenol 
in the ice box, and concentrated to 30 cc. This solution was then 
filtered through the Seitz filter and precipitated with 10 per cent tri- 
chloracetic acid. The precipitate was centrifuged and washed on the 
centrifuge with 10 per cent trichloracetic acid until the supernatant wash 
liquid was colorless. The precipitate was thoroughly drained and then 
dried for a short time im vacuo and finally repeatedly triturated with 
ether until a dry, light tan powder was obtained. The yield was 
156.6 mg. which is an expected yield and shows clearly that the OT 
(Lot #771) does not contain an unusually large amount of the active 
fraction, out of proportion to that found in other preparations of Old 
Tuberculin. 

This PPD-771 was then put into solution in the usual manner with the 
smallest amount of tenth normal sodium hydroxide necessary, neutral- 
ized, made to a one per cent concentration, and finally preserved in 
saline containing 0.5 per cent phenol. 

The entire residual ultrafiltrate was concentrated to a thick syrup 
by the Cryochem (7) process. It was obvious that considerable glycerine 
was present. The thick syrup was diluted with saline to 18 cc., which 
was the original volume of OT (Lot #771) fractionated. This fraction 
was called 771-a; it contained everything from the original OT which 
was washed through the ultrafilter, and in about the same concentration 
as in the original mixture. 

The trichloracetic acid filtrate is known to contain most of the poly- 
saccharide and it, therefore, was also recovered by first neutralizing the 
filtrate with sodium hydroxide and then removing the resulting sodium 
trichloracetate by washing it through the ultrafilter with saline contain- 
ing 0.5 per cent phenol, leaving behind a solution of the carbohydrate. 
The entire residue was concentrated to 9 cc. and called 771-0. 
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METHOD OF TESTING FOR POTENCY 


Attempts were made to evaluate the relative potency of these frac- 
tions in comparison with the PPD-20, used as standard. 

The methods of comparative titration used by Jensen, ef al. (4) in 
human beings, and by Bunney and Gottschall (8) in guinea pigs, which 
are essentially modifications of the methods of Lewis and Aronson (9), 
or Eagleton and Baxter (10), were carefully considered. In these meth- 
ods, varying dilutions of a standard tuberculin are injected on one side 
of a guinea pig and the reactions compared with those resulting from in- 
jections of similar dilutions of the unknown tuberculin on the opposite 
side. 

In agreement with Jensen, et al. (4), we found it was very difficult to 
determine with certainty the quantitative relationship of the two tuber- 
culins on the basis of this method of testing, even when large numbers 
of animals were used and when the site of injection for the various doses 
was varied. It was, however, invariably possible tostate that one tuber- 
culin was stronger or weaker than another, regardless of the dosage of 
tuberculin, but the relative decrease in size of reaction with dosage in the 
case of one tuberculin did not necessarily parallel the relativedecrease 
with the other tuberculin. This fact will be amply illustrated in the 
following protocols of tests in guinea pigs (tables 3 and 4), where the 
average dimensions of the reactions to simultaneous tests with different 
dilutions of the two tuberculins are reported for each series of guinea 
pigs. 

Furthermore, this type of titration of two similar tuberculins in human 
beings resulted in the same conclusions. Table 2 shows the actual 
readings obtained. Consideration was given to the facts noted by 
Jensen, e¢ al. (4) that the injections should not be placed too close to 
the wrist and that they should be given in exactly corresponding sites 
in the two arms and not too close to one another. Furthermore, new 
syringes were used in order to avoid error in these high dilutions due 
to tuberculin adhering to the syringes (11). 

It was pointed out by White (12) that because of the drainage of 
the lymphatics multiple tuberculin injections on the same arm may 
give rise to false results. The work of McMaster (13) graphically 
shows this lymphatic drainage following the intracutaneous injection 
of vital dyes. 

In view of these considerations and because of the difficulty experi- 


TABLE 2 
Comparative titrations of PP Ds in human beings—dimensions of reactions in millimetres 


STANDARD PPD UNENOWN PPD 


2 
> 
= 
a 


24 hrs. 


48 hrs. 


72 hrs. 


48 hrs. 


72 hrs. 


Patient 1 


13x15x2 
14x15x2 
12x15x2 


26x27 x3 
18x19x2 
19x20x2 


21x24x3 
15x16x2 
14x15x2 


12x13x2 
10x13x2 
12x13x2 


20x 21x2 
17x20x2 
17x18x2 


17x21x2 
17x19x2 
14x15x2 


Patient 2 


6s 721 
12x14x2 
Ss 921 


18x19x2 
17x18x2 
1121222 


12x14x2 
12x13x2 
9xlixil 


6x 6xl 
12x14x2 
5x 


14x17x2 
142122 


12x13x2 
11x13x2 
8x 9xil 


Patient 3 


9x1i0x1 
7x 9xil 
7% 


12x14x2 
12x13x2 
9x10x1 


1121222 
10x10x1 
8x 


8x 8x1 
7x 8xil 
Sa 


13x14x2 
10x12x2 
8x 9xl 


11x13x2 
10xilxil 
72 $zi 


Patient 4 


12x14x2 
13x14x2 
7x 9xil 


21x23x3 
16x17x2 
12x13x2 


16x18x2 
14x17x2 
8x 9xl 


10x 10x1 
10x13x2 
12x13x2 


16x 18 x2 
13x 16x2 
12x13x2 


12x14x2 
14x15x2 
9x10x1 
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enced in obtaining truly logical results by the multiple injection method, 
it would seem that the most reliable method for quantitative comparison 
of the potency of two tuberculins is to limit the number of injections 
to two, one the unknown and the other the standard, given in exactly 
corresponding sites on two arms of the human subject or sides of the 
guinea pig where lymphatic drainage cannot play a réle. However, 
the doses can be estimated from preliminary multiple tests, if desired, 
in guinea pigs or human beings, but finally repeated series of tests should 
be made in many individuals, comparing a definite dose of the standard 
with varying amounts of the unknown tuberculin, until a series is ob- 
tained where the average size reactions in 25 to 50 or more individuals 
indicate that the potencies of the two are equal. Possibly the final 
tests must be made in human beings, since the results obtained in guinea 
pigs and in human beings may be somewhat different. For example, 
it has been brought to the attention of the authors‘ that two tuberculins 
appeared to have a potency ratio of 1:2 when tested in hundreds of 
patients, whereas when they were compared in six guinea pigs by the 
titration method, they appeared to be equal in potency in all dilutions. 

Potencies of PPD-771, 771-a, 771-b: Table 3 gives a comparison of 
the skin reactions of the PPD-771 in seven series of guinea pigs with 
the reactions to simultaneous tests with a standard PPD preparation. 

It is clear from these results, as noted above, that, on the whole, 
decreasing the dosage results in decreasing reactions, but it also is ap- 
parent that the rate of decrease in reaction is not the same with the two 
different preparations. This can better be seen if one calculates the 
volume of each reaction, using the method employed by Lurie (14), and 
thus compares single numbers. The volume of a segment of a sphere 
would furnish the nearest approach to the actual volume of the reaction. 
The equation would be as follows: V = 3 wh (h? + 3r*), where r = 
radius of the base of the segment or one-half of the average of the two 
first items in the size of the reaction, and h = heighth of the reaction 
or the third item. Table 4 gives the results obtained by this method 
of calculation. 

The conclusion is justified that the standard PPD gives, on the whole, 
somewhat larger reactions than the PPD-771 and is, therefore, somewhat 
stronger, but it is indeed not possible to determine the relative strength 
of the two solutions from these data. At certain dilutions and in certain 


4 By Mr. John Glenn of Sharp and Dohme, Philadelphia. 
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TABLE 3 


Average dimensions of reactions in millimetres with standard PPD and PPD-771 in tuberculous 
guinea pigs 


24 HOURS 48 HOURS 


DOSAGE 


Standard PPD 


PPD-771 


Standard PPD 


Series I. 


Three Guinea Pigs 


16% 15 
15s 
13x 
32% 2: 
liz 9xi. 


17x15x2.3 


12x10x1.3 


9x 9x0.6 


18x 17x3.0 
47 «1523.0 
14x 13x3.0 
12x12x2.6 
10x 10x 1.6 
821.3 


16x15 x 2.6 


13x 13x2.0 


12x 12x 1.6 


Series IT. 


Three Guinea Pigs 


19x19 x4. 
16x 16x4. 
15x 14x3. 
3x 2221. 


15x 15x4.0 


15x 14x3.3 


24x 24x5. 
19x17x4. 
x 17 23: 


14x13x2. 


22 x 21 x6.0 


20 x 19x 4.0 


Series III. Six Guinea Pigs 


21x 20x4. 
20x17x3. 
16x 16x3. 
13 x 13: x 2. 


20 x 17 x 4.0 
15x 14x3.6 
14x 14x3.4 
14x13 x2.8 


17 «37 
146.2 1523. 
16x 16x3. 
1323. 


17 x17x4.0 
15x15x3.5 
14x14x2.8 
13x 13x2.8 


Series IV. Four Gui 


nea Pigs 


19x 18x3. 
15x 14x2. 
14x13x1. 


16x15 x2.7 
13 x 13x 2.0 
8x 8x1.0 


Zi 17 33. 
16x15x2. 


16x 14x2. 


16 x 14x3.0 
13: 12:23.2 


Series V. Six Guinea Pigs 


0.000,5 


15x17x3. 


| 13 x 14x3.0 


| 12x 13x3. 


11x12x2.8 


Series VI. 


Seven Guinea Pigs 


0.000,5 


19x19x5 


| 15x16 x4.5 | 17x 16x5. 


13x15 x4.3 


Series VII. 


Two Guinea Pigs 


0.000,02 | 10x10x1. 


| 8x 7x1.5 | 


Sa 3232 


4x 5x1 


series they appear to 
or the other may be 
Tests were also made in human beings and again the conclusion can 


be equal in potency, while at other dilutions one 
stronger. 


| | PPD-771 
0.002 
0.001,6 
0.001 
0.000,8 | 
0.000,5 | 
0.000,4 | 
0.002 | | 1 
| 
0.001 0 6 
0.000,4 | 6 | es 3 
0.001,5 | 0 | | 0 | 
0.001 8 | 6 
0.000,8 | 4 1 
0.000, 5 | 8 0 
0.001,5 | 0 | FE | 
0.000,5 | 7 | 
| 
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TABLE 4 
Average volumes of reactions in cubic millimetres in tuberculous guined pigs 


PPD 24 HOURS 48 HOURS 
DOSAGE 


Standard PPD | PPD-771 Standard PPD | PPD-771 


Series I. Three Guinea Pigs 


Series II. Three Guinea Pigs 


377 1,234 
692 
273 439 
170 


Series III. Six Guinea 


551 
330 
285 
209 


Series IV. Four Guinea Pigs 


260 
137 
26 


Series V. Six Guinea Pigs 


0.000,5 | 374 | 213 | 


Series VI. Seven Guinea Pigs 


0.000, 5 788 | 488 | 


Series VII. Two Guinea Pigs 
0.000, 02 65 | 33 | 


be drawn that the standard PPD is somewhat stronger. (See table 5 
and also table 2.) 


The PPD-771 was then examined in the Tiselius electrophoresis 
apparatus (15), which is so designed that each component is visualized 


64 
0.002 221 237 372 264 
0.001,6 130 300 
0.001 139 63 232 133 
0.000,8 113 159 
0.000, 5 39 8 64 90 
0.000,4 40 21 
0.002 638 | 1, 186 
0.001,6 450 
0.001 260 618 
0.000,4 116 
0.001, 5 | 692 | | 497 476 
0.001 | 532 359 323 
0.000,8 | 357 319 220 
0.000, 5 | 197 217 186 
0.001,5 423 456 264 
0.000,8 166 235 136 
0.000, 5 115 212 62 
| 
10 
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by means of an optical arrangement as a separate black band on the 
photographic screen. Two components were visible, one with a mobility 
of —6.6 X 10- cm.? volt! sec.—! and one immobile component, appar- 
ently carbohydrate. These correspond closely to the components found 
in the standard PPD and in numerous other potent tuberculin prepara- 
tions recently examined, and indicate that there is probably no additional 
heretofore unrecognized component present in the PPD-771. 

Therefore, since nothing was found in regard to the PPD-771 fraction 
to indicate the presence of an exceptionally high degree of specificity 
or of an additional specific factor, such properties were then sought in 
those fractions of the OT remaining after the PPD was separated. For 
example, the 771-a fraction, which contained all of the material that 
passed the ultrafilter (see preparation above), was studied. It is noted 
that this filtrate was reconcentrated to 18 cc., the original volume of the 


TABLE 5 
Size of reactions with standard PPD and PPD-771 in human beings 


0.000,02 mc. 0.005 MG. 


Number|/Number Average size Number|Number Average size 
tested | positive reaction tested |positive reaction 


millimetres millimetres 


54 34 19x 16x2.0 21 16 18x 15xi.9 
54 32 10x10x1.3 21 15 18 x 16x2.0 


OT used. Therefore, for the tests the resulting product, called 771-a, 
was diluted in the same manner as is the custom with OT and the dosage 
was then expressed in terms of the dilution, namely, 1:10,000, 1:100, 
1:20,1:5,etc. Varying dilutions of the 771-b fraction (the trichloracetic 
filtrate) were also injected simultaneously into many of the guinea pigs. 

A preliminary test in three normal guinea pigs showed that small but 
definite positive reactions were obtained with 1:5 dilutions of these 
preparations (771-a and 771-b). Therefore, a series of nine normal 
guinea pigs were given simultaneous tests with 771-a (1:2,000, 1:500, 
1:50 and 1:5), with corresponding dilutions of PPD-771, with standard 
PPD (0.0005, 0.002, 0.02 and 0.2 mg.), and with 771-b (1:1,000, 1:250, 
1:25 and 1:2.5). Positive reactions were obtained with the 1:5 dilution 
of 771-a in all animals and in some cases with the 1:2.5 dilution of 771-b, 
whereas no reactions followed any injections with the PPD-771 or the 
standard PPD in corresponding dilutions. Table 6 shows the reactions. 
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These results indicate clearly that reactions are produced in normal 
guinea pigs with the 771-a and 771-b fractions if the dose is increased 
to twenty times the usual final dose of OT or PPD given to human 
beings, whereas no reaction occurs with comparable doses of the standard 
PPD or PPD-771. 

Similar comparative tests were made in nine tuberculous guinea pigs 
in order to determine how much, if any, specificity may be involved in 
the reactions to the 771-a and 771-b fractions. Table 7 shows the 
reactions obtained. Whereas all normal animals gave positive reactions 
to the 771-a in dilutions of 1:5, but not with smaller amounts, the tuber- 
culous animals reacted to dilutions as high as 1:500 of the preparation 


TABLE 6 


Dimensions of reactions in millimetres to standard PPD and to fractions of OT (Lot #771) 
in normal animals 


771-a 771-b PPD-771 STANDARD PPD 
1:5 1:2.5 0.2 Mc. 0.2 MG. 


48 


24 hours 48 hours 24 hours 48 hours 24 hours 48 hours/24 hours beuee 


7x10x2 | 5x6x1 
Sa 7221 $2321 
9x10x2 trace 
10xi1x3 | 6x6x1 
7x11x2 | 6x6x1 
10x10x2 | 5x5x1l 
8x 8x2 
72 823 
Ss $21 


2x 3x trace 
0 


ooocoooo'y 
ooeoeoocooco 


1 
2 
3 
4 
5 
6 
7 
8 
9 


771-a, and the more sensitive animals to dilutions of 1:1,000 of 771-b. 
This may indicate that tuberculous animals react more readily to a 
nonspecific substance in these fractions or that a small amount of specific 
active material passed the ultrafilter along with the impurities, in the 
case of 771-a, and remained unprecipitated by trichloracetic acid in the 
case of 771-b. The first suggestion is most probable but the latter is 
also a real possibility in view of some previous work. For example, 
a molecule with molecular weight of 9,000 and with lowered activity, 
which passed through a parchment membrane, has been isolated (14) 
and studied. Furthermore, it is known that the active fraction is not 
absolutely quantitatively precipitated by trichloracetic acid and this 
may partly explain the reactions given by 771-b. 


NORMAL 
GUINEA 
NUMBER 
0 ? 
0 | 0 
5x6xtr. 0 | 
0 0 
§z5s1 0 | 
trace 0 
| 9 | 0 
| 
| 


TABLE 7 
Reactions in millimetres to standard PPD and to fractions of OT (Lot #771) in tuberculous animals 


771-a 771-b PPD-771 STANDARD PPD 


< 
qj 
= 


TIME AFTER 
INJECTION 


1:50 


1:250 


0.000,5 mg. 


0.000,02 
mg. 


0.000,5 mg. 


0.000,02 
mg. 


15x 16x4 
12x12x4 


12x12x2 
? 


14x14x4 
lixi5x4 


15x17x4 
15x18x5 


15x17x4 
16x16x5 


13x17x4 
llxilx3 


72 
6x 6x1 


S5x5x1 
trace 


13x13x3 
10x 1iix3 


14x16x5 
15x17x4 


17x18x5 
15x1i5x4 


13x15x4 
13x15 x5 (c) 


8x 9x1 
8x 


6x6x1 
tr. 


7s 
6x 7x1 


11x12x3 
14 x 18 x 4 (c) 


13x15x4 
14x16x5 


7x10x1 
0 


17 x 18x 5 (c) 
8x 16x 5 (c) 


23 x 26x 5 (c) 
17 x 18 x 6 (c) 


6x 6x1 
$x 


17 x 18x 5 (c) 
13 x 15 x 6 (c) 


23 x 25 x 6 (c) 
18 x 18 x 6 (c) 


3x3 tr. 


15 x 16 x 5 (c) 
11x 11x 5 (c) 


17 x 17 x 6 (c) 
13 x 13 x 5 (c) 


17 x 18 x 5 (c) 
13x 15x 5 (c) 


18 x 25 x 5 (c) 
14x17 x5 (c) 


13x13x2 
$28 


7x 8xil 
$2% 


ce = centre of necrosis. 
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Tests with 771-a in a group of highly sensitive patients (see table 8) 
who reacted to the first dose of PPD (0.000,02 mg.) gave a high per- 
centage of small positive reactions with a 1:10,000 dilution. However, 
in those individuals of lower sensitivity, that is, requiring the second 
dose of PPD (0.005 mg.) for eliciting reactions, comparatively few 


TABLE 8 
Comparative tests of standard PPD with 771-a and OT-771 in human beings 


NUMBER 
NUMBER NUMBER | AVERAGE DIMENSIONS 
SUBSTANCE TESTED TESTED — POSITIVE | OF POSITIVE REACTIONS 


mg. millimetres 
0.000 ,02 18x 17x2.3 
1:10,000 8x 8x1.2 


0.005 17x15x2.0 
1:100 6 13x 11x2.0 


0.005 15x17x1.8 
1:20 6s 7x1 


0.005 
1:100 
1:20 5x 


0.000 ,02 14x13x1.8 
1:10,000 20x 18x 2.0 
0.005 
1:100 15x18x2.1 


0.000 ,02 2551.7 
1:10,000 26 x 33 x2.3 
0.005 14 12x14x2.1 
1:100 14 


* In addition, three who were negative at 48 hours and one who was doubtful later became 
positive. 

t All injections were followed by redness. 

t These had recently been tested and found to be negative to standard PPD. 


positive reactions were obtained even with 1:100 771-a. A stronger 
dose, that is, a dilution of 1:20 of 771-a, gave a very high percentage of 
doubtful reactions in this type of individual as well as in those definitely 
negative to both doses of standard PPD, and always gave a definite 
redness even when no oedema could be felt. 

These results are consistent with the findings in regard to tests with 
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the whole OT (Lot 771). See especially the last series of tests in table 
8 made on a group of individuals of general low sensitivity. These 
tests were made on nurses and as a rule the OT gave more severe re- 
actions with considerable irritation. In one case the reaction measured 
44 x 60 x 3 mm., with vesiculation and a marked inflammation extending 
to the hand and causing a soreness and stiffness of the entire arm, whereas 
the parallel dose of 0.000,02 mg. PPD produced a 16 x 17 x 2 mm. reac- 
tion with only a slight irritation. Jensen (4) has called attention to the 
difference in the quality and appearance of reactions with International 
Standard Tuberculin (OT) and purified tuberculin. He states that 
“Presumably this difference between the calculated strength and the 
strength obtained can be attributed to the fact that the nonspecific 
accompanying substances in the Old Tuberculin also gave rise to a 
reaction, and that this augments the specific reaction, which then be- 
comes larger than the reaction to purified tuberculin, which is almost 
exclusively specific.”” By adding to the stock solution of purified tuber- 
culin an amount of concentrated glycerine broth equivalent to that 
present in the Old Tuberculin he obtained reactions to the purified 
tuberculin which were as strong as those to the Old Tuberculin. The 
literature is full of reports that glycerine or glycerine broth concentrates 
as well as other proteins give skin reactions in many individuals reacting 
to tuberculin. Some of these results would, however, have to be re- 
evaluated in view of the great tendency for tuberculin to contaminate 
glassware and syringes (10) used in the tests, but there seems little 
doubt but that many of the reactions obtained were truly nonspecific. 
Especially when one notes the positive reactions obtained with 771-a 
in normal guinea pigs, not reacting to correspondingly large doses of 
standard PPD or PPD-771 (table 6), does one realize the possibilities 
of nonspecific reactions in individuals already highly sensitized. 


SUMMARY 


From a sample of market Old Tuberculin (Lot 771) a specific purified 
protein derivative was isolated, not differing significantly in tuberculin 
potency, electrophoretic mobility or other characteristics from the 
purified protein derivative (PPD) prepared in the standard way from 
synthetic medium cultures of tubercle bacilli. 

In addition to the purified protein derivative isolated from 771, two 
other fractions were obtained, which elicited nonspecific reactions in 
normal animals. One of these was composed of all of the original mate- 
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rial passing through the ultrafilter. The other, consisting chiefly of 
polysaccharide, was obtained from the nonfilterable liquid, after pre- 
cipitation of the purified protein derivative by trichloracetic acid. In- 
jected into normal animals and man in concentrations corresponding 
to 1:2.5 or 1:5 of the original Old Tuberculin these substances elicited 
nonspecific inflammatory reactions. In the same concentration the 
purified protein derivative preparations, whether from standard syn- 
thetic medium or OT (Lot 771), caused no reactions. 

It is thus evident that OT (Lot #771) contains substances causing non- 
specific reactions, when injected in moderate amount. These, however, 
did not cause reactions when injected in dilutions corresponding to the 
usual test doses of Old Tuberculin. It remains possible, however, that 
sensitization to these nontuberculin substances might exist in man or 
animals and lead to false positive results. Furthermore, there is evi- 
dence that the nonspecific substances may enhance the action of the 
specific substance of OT (Lot #771) in sensitive subjects leading to 
reactions much stronger than that given by the latter alone. 


We wish to express our thanks to the Gilliland Company of Marietta, Pennsylvania 
for their generous codperation in supplying the Old Tuberculin used in these studies. 
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INTOXICATION IN TUBERCULOSIS: 


H. J. CORPER anp MAURICE L. COHN 


After scanning tuberculosis literature in an effort to define the specific 
intoxication in this disease, there results a confusion of ideas as to whether 
such a condition actually exists or whether it is not really the summation 
of numerous extraneous reactions not specifically concerned with tuber- 
culosis. In the light of recent advances, however, it is clear that the 
final chapter on specific intoxication in tuberculosis must still be written. 
It is also clear that man becomes highly susceptible to even a small 
amount of tuberculin (1) under certain circumstances, reacting with 
a profound protracted general intoxication. This is similar no doubt 
to the reaction Koch observed in testing tuberculin in 1891 before ana- 
phylactic and related reactions were recognized. Roemer and Krause 
called it “specific allergy” but could not define it accurately at the time 
because their antigens were impure. Whether this reaction is the 
specific intoxication in tuberculosis, as suggested in the past, is still 
open to question. The problem was interesting experimentally because 
specific allergy and immunity have been variously considered syn- 
onymous and because the terms anaphylaxis and allergy have been used 
interchangeably. Our first intimation that specific anaphylaxis and 
specific immunity were not related was noted in an earlier report (2). 
Specific immunity against infection with virulent human tubercle bacilli 
could not be produced by Seitz filtrates from cultures of virulent human 
tubercle bacilli or by highly concentrated (ultradialysis) filtrates. The 
highly concentrated filtrates, or precipitated tuberculoprotein, possess 
no appreciable primary toxicity for normal animals. A primary intra- 
venous injection of large amounts of normal Seitz filtrate, highly con- 
centrated by ultradialysis filtrates, or precipitated tuberculoprotein 
from these filtrates does not sensitize to a second intracutaneous in- 
jection with a fairly large test dose (0.1 mg.) of either filtrate or tuber- 

1 Presented at a session of the Pathological Section at the 35th annual meeting of the 
National Tuberculosis Association, Boston, Massachusetts, June 27, 1939. 

From the Research Department, National Jewish Hospital, Denver, Colorado. 

* Parts of this study were made possible by Mr. Morton May in memory of Florence G. 
May. 
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culoprotein. A reaction to tuberculin can be obtained, however, in a 
tuberculous guinea pig with as little as 0.000,005 mg. of the same mate- 
rial. To produce cutaneous hypersensitiveness to tuberculoprotein 
requires a small amount of avirulent human tubercle bacilli (a tubercle- 
forming dose), a large amount of heat-killed tubercle bacilli or a very 
small amount of virulent tubercle bacilli. With the latter, the factors 
of multiplication and tuberculous involvement complicate the picture. 
Further experiments (3) just completed on the relations between specific 
immunity, allergy and anaphylaxis showed that relatively small amounts 
(0.1 mg. equivalent of tuberculoprotein in single intravenous injection 
or a total of 0.001 mg. in repeated intracutaneous injections) of filtrate, 
obtained from growing tubercle bacilli on synthetic nonprotein media, 
are required to sensitize and intoxicate (equivalent of 0.1 mg. tuber- 
culoprotein) normal guinea pigs anaphylactically. 

Bacillary sensitized or tuberculous animals do not respond with an 
acute anaphylactic shock reaction to an injection of filtrate after an 
appropriate incubation period. However, they do reveal a protracted 
(allergic) intoxication to a suitable amount of filtrate with fatal issue 
after one to three days except when the tuberculous involvement is 
very marked and lethal issue may be more rapid. 

Filtrate sensitized guinea pigs do not develop an acute anaphylactic 
shock after the injection of washed tubercle bacilli, while bacillary 
sensitized and tuberculous (allergic) animals succumb to these injections. 
The filtrate sensitization (anaphylactic) can be transferred passively 
from about 45 per cent of the donors, while the bacillary and tuberculous 
(allergic) principles are never passively transferable to normal recipients. 
The lethal effect (allergic) of filtrate in tuberculous animals seems to 
depend upon the time and amount of involvement following infection 
with virulent tubercle bacilli. 

Although tuberculo-anaphylaxis and allergy are to be considered 
two separate biological phenomena, specific tuberculosis immunity and 
specific tuberculosis allergy also evince distinguishing differences. The 
skin (allergic) reaction may be entirely absent in guinea pigs that still 
retain their specific tuberculosis immunity, and vice versa. Desensitiza- 
tion with filtrate (tuberculoprotein) to the skin (tuberculin) reaction 
exerts no influence upon the specific tuberculosis immunity. 


TOXIC PHASES OF TUBERCULO-ANAPHYLAXIS 


In order to elucidate further the problems of intoxication in tuber- 
culosis, it was found desirable to investigate related phases even though 
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they might not be instrumental, practically speaking, in learning the 
nature and mechanism of this intoxication. With such information 
available, it would be better to obtain an insight into those factors 
which might, at times, mislead in drawing too extensive deductions. 
Although it was recognized that the tuberculoprotein reaction (ana- 
phylactic) per se played no significant part in tuberculosis, there were 
many phases of the tuberculosis problem in which due consideration 
had to be given to this reaction. It is for the latter reason that the 
results are presented in table 1 on the specificity of filtrates prepared 
from cultures of virulent and avirulent human tubercle bacilli and the 
trichloracetic acid precipitated proteins (Seibert) from these filtrates 
in sensitizing and provoking the anaphylactic response. 

A number of significant deductions can be drawn from the findings 
recorded in table 1. It shows that slightly more anaphylactic sensitiza- 
tion is produced by the injection of 10 mg. tuberculoprotein in natural 
Seitz filtrates from the growth of human tubercle bacilli on nonprotein 
synthetic media (Wong-Weinzirl) than when 1 mg. is used for sensitiza- 
tion. The difference, however, is not great but about half as much 
filtrate is required for a 10 mg. sensitized guinea pig (0.3 mg. tuberculo- 
protein equivalent is lethal), while 0.7 mg. is necessary to provoke fatal 
anaphylaxis in a 1 mg. sensitized animal. It is noted also that slightly 
more anaphylactic sensitization is obtained from the intravenous injec- 
tion of filtrates from virulent human tubercle bacilli (H7) than results 
from the injection of filtrates from avirulent human tubercle bacilli 
(Mycobacterium nusquam phymatiosis, Corper (4)). It required about 
twice as much filtrate (of the same tuberculoprotein content) from the 
avirulent bacilli to sensitize fatally than from the virulent human bacilli. 
No strain specificity (anaphylactically) could be noted for the filtrates 
from the avirulent human tubercle bacilli or the virulent human tubercle 
bacilli (H7). 

Using the trichloracetic acid precipitated and purified tuberculo- 
protein from these avirulent and virulent bacillary culture filtrates, no 
appreciable difference was noted in their ability to provoke anaphylactic 
shock in filtrate sensitized guinea pigs although a larger amount of 
these pure preparations was required than the tuberculoprotein equiva- 
lent of the filtrate. These purified tuberculoproteins prepared by tri- 
chloracetic acid precipitation from the natural filtrates, although showing 
no appreciable loss in skin activity (intracutaneous tuberculin testing) 
in bacillary sensitized and tuberculous guinea pigs, did not sensitize 
normal guinea pigs anaphylactically when given intravenously in 1 and 
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TABLE 1 


Anaphylactic sensitization and intoxication with various filtrates and 
tuberculoprotein prepared from these 


PRIMARY INTRAVENOUS PROVOCATIVE INTRAVENOUS INJECTION ONE MONTH RESULTS 
INJECTION* AFTER PRIMARY INJECTION 


1 mg. tuberculopro-| 0.7 mg. (1.3 cc. filtrate human avirulent) +t 
tein, 2 cc. filtrate] 1.3 mg. (2.5 cc. filtrate human avirulent) 4+ 
human avirulent Died 2 minutes 

1 mg. trichloracetic acid protein human aviru- 2+ 
lent 

2 mg. trichloracetic acid protein human aviru- 4+ 
lent Died 2 minutes 

0.6 mg. (1 cc. filtrate human virulent) 2+ 

1.2 mg. (2 cc. filtrate human virulent) 44+ 

Died 2 minutes 

1 mg. trichloracetic acid protein human virulent 44 

Died 6 minutes 

2 mg. trichloracetic acid protein human virulent 44 

Died 2 minutes 


10 mg. tuberculopro-| 0.3 mg. (0.65 cc. filtrate human avirulent) 4+ 
tein, 20 cc. filtrate Died 1 hour 
human avirulent | 0.7 mg. (1.3 cc. filtrate human avirulent) 4+ 
Died 14 minutes 
i mg. trichloracetic acid protein human avirulent 1+ 
2 mg. trichloracetic acid protein human avirulent 4+ 
Died 2 minutes 
0.3 mg. (0.5cc. filtrate human virulent) 3+ 
0.6 mg. (1 cc. filtrate human virulent) 44+ 
Died 1 minute 
1 mg. trichloracetic acid protein human virulent 1+ 
2 mg. trichloracetic acid protein human virulent 4+ 
Died 2 minutes 


1 mg. tuberculopro-| 0.3 mg. (0.65 cc. filtrate human avirulent) 1+ 

tein, 1.6 cc. filtrate} 0.7 mg. (1.3 cc. filtrate human avirulent) 4+ 

human virulent Died 8 minutes 
1 mg. trichloracetic acid protein human avirulent | 44 
Died 3 minutes 
2 mg. trichloracetic acid protein human avirulent 4+ 
Died 3 minutes 
0.3 mg. (0.5 cc. filtrate human virulent) 3+ 
0.6 mg. (1 cc. filtrate human virulent) 4+ 
Died 3 minutes 
0.5 mg. trichloracetic acid protein human viru-| 2+ 

lent 
1 mg. trichloracetic acid protein human virulent 3+ 


* Guinea pigs given a primary intravenous injection of both human avirulent and human 
virulent trichloracetic acid protein in 1 and 10 mg. amounts did not react anaphylactically 
to provocative injections of 5 cc. of either human avirulent or human virulent filtrates or to 
either of the trichloracetic acid protein preparations. 

t The anaphylactic reactions are graded as follows: 0, no reaction; +, a slight but definitely 
characteristic acute anaphylactic response; 3+4-, a severe reaction with recovery; and 4+, 
a lethal acute reaction. 
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TABLE 1—Concluded 


PRIMARY INTRAVENOUS PROVOCATIVE INTRAVENOUS INJECTION ONE MONTH 
INJECTION* AFTER PRIMARY INJECTION 


10 mg. tuberculopro-| 0.15 mg. (0.32 cc. filtrate human avirulent) 4+ 
tein, 16 cc. filtrate Died 6 minutes 
human virulent 0.3 mg. (0.65 cc. filtrate human avirulent) 4+ 
Died 2 minutes 
1 mg. trichloracetic acid protein human avirulent 
5 mg. trichloracetic acid protein human avirulent 


0.15 mg. (0.25 cc. filtrate human virulent) 
Died 5 minutes 
0.3 mg. (0.5 cc. filtrate human virulent) 4+ 
Died 3 minutes 
0.5 mg. trichloracetic acid protein human virulent 0 

1 mg. trichloracetic acid protein human virulent 4+ 
Died 2 minutes 


10 mg. amounts. From these experiments, it seems that tuberculo- 
proteins prepared and purified by trichloracetic acid precipitation offer 
an advantage over natural preparations in that they are not anaphylactic 
sensitizing antigens. PPD appears to possess advantages for testing 
purposes in this respect. 


TOXIC PHASES OF ALLERGY 


In another paper (3), results were detailed which indicated that natural 
filtrate (about 0.5 mg. tuberculoprotein per cc.) in fairly large amounts 
(about 5 cc.) was lethal (allergically) upon intravenous injection into 
tuberculous guinea pigs and that the lethal effect was of a protracted 
nature rather than acute as in anaphylaxis. It was noted also that 
the lethal effect was directly related to the amount and time of infection 
with virulent human tubercle bacilli. In a general way, the same effects 
resulted from the intravenous injection (5 and 25 mg.) of washed avir- 
ulent human tubercle bacilli, When given these large amounts of 
washed bacilli intravenously, filtrate sensitized (anaphylactic) guinea 
pigs did not react either by an acute immediate response or by a pro- 
tracted (allergic) intoxication. In this study, the effect of natural fil- 
trate and washed suspensions of avirulent human tubercle bacilli upon 
tuberculous guinea pigs with generalized tuberculosis were studied to 
ascertain the approximate limit of allergic intoxication produced by 
these materials. The results are recorded briefly in table 2. 

The results recorded in table 2 indicate that tuberculous guinea pigs 


RESULTS 
Died 3 minutes 
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with generalized organic disease can be killed allergically by means 
of the intravenous injection (approximately this same amount kills by 
other routes of injection) of 0.5 cc. to 1.0 cc. (about 0.2 to 0.5 mg. tuber- 
culoprotein equivalent) of filtrate and by about 1 mg. of washed avirulent 
human tubercle bacilli. Death in these cases is usually protracted and 
occurs in from twenty-four to seventy-two hours. Thus relatively 
small amounts of filtrate (tuberculoprotein) or bacillary suspensions 
are required to kill a tuberculous guinea pig. What, however, is not 
so easily understood is the fact that guinea pigs which have been injected 


TABLE 2 


The lethal (allergic) effect of natural filtrate (tuberculoprotein) and washed 
tubercle bacilli on tuberculous guinea pigs 


INTOXICATING INTRAVENOUS INJECTION RESULT 


Infection of 3) 5cc. filtrate* Died 8 hours 
months’ dura-} 1 cc. filtrate Died 10 hours 
tion with 10~7| 0.5 cc. filtrate Ill but recovered 
mg. of virulent} 0.1 cc. filtrate Slightly ill but recovered 
human tubercle} 25 mg. washed avirulent human tubercle| Died overnight 
bacilli. Tuber-| bacilli 
culosis = 2 to} 5 mg. washed avirulent human tubercle! Died overnight 
3+T bacilli 
1 mg. washed avirulent human tubercle} Died 48 hours 
bacilli 
0.1 mg. washed avirulent human tuber-| Slightly ill 
cle bacilli 


* This filtrate contained about 0.5 mg. tuberculoprotein per cc. 

t The guinea pigs used for these tests were all infected intravenously three months prior 
to test with 0.000,000,1 mg. highly virulent human tubercle bacilli (H160) and revealed on 
postmortem a generalized (3+-) disease with macroscopic involvement of the lungs, liver and 
spleen. 


with avirulent human tubercle bacilli and show no evidences of gen- 
eralized tuberculosis are also killed by the intravenous injection of 
filtrate and suspensions of washed avirulent human tubercle bacilli in 
amounts well below those readily tolerated by normal guinea pigs. 
Whether death in the bacillary (avirulent) injected animal and in the 
tuberculous animals is due to the same factors—allergy, involvement, 
or both—remains to be disclosed. 

In the rabbit, the results are even more striking in that a lethal ana- 
phylaxis cannot be attained with large amounts of filtrate (either natural 
or concentrated by ultradialysis) within the realm of practical experi- 
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mentation, while the protracted allergic response is produced readily 
under suitable conditions. In table 2A are recorded some of the per- 
tinent findings obtained in rabbits. 

The results presented in table 2A point out that the lethal allergic 
response in rabbits resulting from the intravenous injection of natural 
filtrate does not usually occur until two weeks after the intravenous 
bacillary injection and that it may occur regardless of whether virulent 
or avirulent tubercle bacilli have been given for the primary injection. 


TABLE 2A 
The lethal (allergic) effect of natural filtrate (tuberculoprotein) on rabbits 


INTERVAL BETWEEN PRIMARY INJECTION AND PROVOCATIVE INTRA- 


VENOUS INJECTION OF 20 CC. NATURAL FILTRATE 
PRIMARY INTRAVENOUS INJECTION 


1 week 2 weeks 1 month 


No effect No effect Died overnight. 
No macroscopic 
organic tubercu- 


losis 


1 mg. avirulent human tubercle ba- 
cilli 


1 mg. virulent human tubercle ba- 
cilli 


0.01 mg. virulent bovine tubercle 
bacilli 


No effect 


Died overnight. 
No macroscopic 
organic tubercu- 
losis 

Died overnight. 
No evident tu- 


Died overnight. 
No macroscopic 
tuberculosis 


Died overnight. 
Generalized pul- 


monary and he- 
patic involve- 
ment 

No effectt 


berculosis 


100 mg. equivalent of tuberculopro-| No effectt | No effectt 


tein in concentrated filtrate* 


* This material will sensitize guinea pigs anaphylactically. 
t As much as 50 cc. of natural filtrate, the maximum readily tolerated intravenous amount, 
can be given without effect. 


Under no conditions were we able to produce anaphylactic sensitization 
or shock with any amounts of natural filtrate which could be tolerated 
by normal rabbits. At a later date, similar experiments on other animal 
species will be reported. 


OTHER PHENOMENA AND TUBERCULO-ALLERGY 


In the past, various reactions in other fields have been drawn upon 
to account for so-called ‘‘analogous phenomena” in tuberculosis (5) 
and many times were inapplicable when carefully tested in a controlled 
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manner. Recently, the Shwartzman reaction has created wide interest 
in many fields of medicine as a toxic immunological reaction. This 
phenomenon of local skin reactivity to bacterial filtrates (6) was obtained 
with a certain tuberculin, OT, and B. typhosus culture filtrates. “The 
skin preparatory and reacting factors of this phenomenon may be ob- 
tained in tuberculin, OT.” There is no direct proof of the underlying 
mechanism. The complicated methods used for eliciting such reactions, 
however, bring in the possibility of the contamination factor which 
increases the desirability of testing the toxic manifestations of this 
reaction with aseptically prepared materials and pure‘cultures. The 
reaction was described simply in 1930 (7) as follows: “the reactivity 
was induced by the injection of a filtrate into the skin of a rabbit. If 
24 hours later an intravenous injection of the same filtrate was given 
to the (same) rabbit there appeared an extremely severe hemorrhagic 
necrosis at the site of the skin injection.” Shwartzman found that the 
Seibert preparation, TPT, and the New York Board of Health tuber- 
culin he used were completely inactive while his own preparations elicited 
the phenomenon. This difference is explained in that his preparation 
was evaporated at 56°C. instead of boiling temperature (New York 
Board of Health tuberculin) or purifying as Seibert did. In order to 
test this phenomenon further and to avoid the criticisms of denaturing 
our preparations, the natural filtrate and the bacillary suspensions 
were exposed in no way to any recognized detrimental influences except 
aseptic filtration in the case of the natural Seitz filtrate. Heat and 
antiseptics were not used in our preparations. In a number of tests 
using filtrate followed by filtrate and by viable bacillary suspensions 
at intervals of six to forty-eight hours in guinea pigs, rabbits and white 
rats, no indications of a tuberculo-Shwartzman reaction were noted. 
A summary of the findings in one of these experiments is recorded in 
table 3. 

These results with undenatured natural Seitz filtrates, following 
the intracutaneous injection of avirulent and virulent human tubercle 
bacilli, give no indication of the existence of a local skin reactivity phe- 
nomenon in tuberculosis as described by Shwartzman. However, once 
a tuberculin reaction (specific allergic skin reaction) is established and 
before its complete subsidence (at times even after disappearance), 
it may again “flare up” with a more pronounced haemorrhagic reaction 
after the intravenous injection of natural filtrate in amounts bordering 
the lethal limits. 
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ACCENTUATED RECRUDESCENT (“FLARE-UP’’) ALLERGIC REACTIONS 


The recrudescent (‘‘flare-up”’) response of an old tuberculin-test focus 
is so well known that it needs no further elucidation here. However, 
the details of its mechanism, time of development, and relation to general 
intoxication are factors well worth consideration, since they are not 
generally understood, and especially the relation to the local skin re- 


TABLE 3 
Early local toxic reactions (Shwartzman) following the intravenous 


injection of sterile natural filtrate 


PRIMARY INJECTION 
INTO NORMAL GUINEA 
PIGS 


SECOND INJECTION 


THIRD INJECTION 


REMARES 


0.1 cc. of 1:1 fil- 
trate intracutane- 
ously 0.025 mg. 
tuberculoprotein 
equivalent 

0.001 to 0.1 mg. 
avirulent human 
tubercle bacilli in- 
tracutaneously 


0.000,001 to 0.1 mg. 
virulent human 
tubercle __ bacilli 
#160 intracuta- 
neously 


mg. avirulent hu- 
man tubercle ba- 
cilli subcutane- 
ously 


5 cc. filtrate intra- 
venously 24 hours 
(0.5 mg. tubercu- 
loprotein equiva- 
lent per cc.) 

5 to 12 cc. filtrate 
intravenously 
from 1 hour to 3 
days after pri- 
mary injection 

5 to 12 cc. filtrate 
intravenously 
from 1 hour to 3 
days after pri- 
mary intracuta- 
neous injection 

Tuberculin 1:100 
filtrate 2 month 
3+ reaction 


5 ce. filtrate intra- 
venously 48 
hours (0.5 mg. 
tuberculopro- 
tein equivalent 
per cc.) 


No Shwartzman reaction re- 
gardless of time after pri- 
mary injection that intra- 
venous injection (from 1 
hour to 1 week) was given 

No Shwartzman reaction and 
no toxic effect of the second 
intravenous injection 


No Shwartzman reaction and 
no toxic effect from the 
second intravenous injec- 
tion 


Acute inflammatory (haemor- 
rhagic) flare-up of skin 
local tuberculin site, similar 
aggravated focal inflamma- 
tory reaction at original site 
of bacillary injection (death 
of animal in 24 hours) 


activity phenomenon of Shwartzman. 


With these in mind, a series of 


guinea pigs was given intracutaneous injections of graded amounts 
(0.001 to 0.1 mg.) of avirulent and virulent human tubercle bacilli; 
at definite intervals from one day to one month after the intracutaneous 
injections, the animals were given a relatively large amount of filtrate 
intravenously. The results are recorded in table 4. 

The data presented in table 4 indicate that at least one week is required 
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after the intracutaneous injection of relatively large amounts (0.001 
to 0.1 mg.) of virulent human tubercle bacilli before the intravenous 
injections of large amounts of natural filtrate (10 to 12 cc.—7.8 mg. 
tuberculoprotein content) produce an appreciable accentuated (inflam- 
matory) reaction around the local focus. The reaction is most 
pronounced around a focus of virulent bacillary infection and may be 
only slight or absent around a focus of avirulent bacillary inoculation 
in the skin. Although not shown in the table, the recrudescence (‘‘flare- 
up’’) of an active or disappearing tuberculoprotein (filtrate) resembles 
the reaction around the bacillary site in many respects. The illustration 
shows the two reactions, the tuberculin site and the local site of injection 
of virulent human tubercle bacilli following the intravenous injection 
of a large amount of filtrate which resulted lethally in a number of hours. 
It is noted also that general profound intoxication resulted from large 
intravenous injections of natural filtrate about two weeks or more after 
the intracutaneous injection of the virulent human tubercle bacilli 
and that death was coincident to this injection after three weeks or so 
when the tuberculous involvement was generalized organically. From 
this it would appear that the natural filtrate (containing tuberculo- 
protein) becomes increasingly more toxic both locally and generally as 
the disease progresses but that a definite time incubation period is 
required. 

It appears evident from the foregoing experiments that the so-called 
“allergic tuberculosis intoxication”’ bears no close relationship to tuber- 
culoprotein anaphylaxis nor to the local skin reactivity phenomenon 
of Shwartzman, but that there is a close similarity between the reaction 
produced by filtrate (containing tuberculoprotein) and bacillary sus- 
pensions. However, the actions of natural filtrate and bacillary sus- 
pensions show some disagreement in that the bacillary suspensions 
have no effect in sensitizing to and provoking tuberculo-anaphylaxis 
while the natural filtrate will do both. Whether the natural filtrate 
elements are involved in the natural intoxication in tuberculosis, as has 
been suggested in the past and has been evident in attempts to use the 
presence of tuberculin diagnostically as in the Wildbolz reaction, is 
open to question also and needs elucidation. The explanation of specific 
intoxication in tuberculosis cannot be considered adequately solved 
before it is determined if it is due to tuberculin produced by the disease 
or to a mobilization of bacillary bodies. 
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THE POSSIBLE ROLE OF TUBERCULO-ANAPHYLAXIS IN TUBERCULOSIS 


In trying to obtain more crucial data on the possible existence of 
tuberculo-anaphylaxis in tuberculosis, an experiment was tried. If 
tuberculin is liberated continually and in sufficient amount in the tuber- 
culous organism to desensitize it, the tuberculin thus liberated would 
neutralize the antibody (reagin) in the blood and would account for the 
inability of passive transfer from donor to recipient. The absence of 
acute anaphylaxis in tuberculous animals then would be readily ex- 
plained, if a neutralization phenomenon or desensitization reaction 
could be demonstrated unquestionably. 

In table 5 are recorded the results of a series of experiments in which 
anaphylactic sensitization and provocation are segregated from the 
allergic condition by the fact that each progresses individually with 
regard for the other. 

An examination of the data in table 5 shows that when guinea pigs 
are sensitized anaphylactically by the injection of natural filtrate (con- 
taining tuberculoprotein) coincident with, or two weeks and one month 
after, injection of avirulent human tubercle bacilli (1 to 10 mg. subcu- 
taneously), or infection with moderately large amounts (10-* to 10-* mg.) 
of virulent human tubercle bacilli, the anaphylactic sensitization is not 


affected appreciably as tested by the provocative anaphylactic (filtrate- 
tuberculoprotein) intoxication, even though the infection in the case of 
virulent tubercle bacilli had become generalized and resulted in massive 
organic tuberculous involvement in some cases. Occasionally, where 
small anaphylactic sensitizing injections of filtrate have been used and 
the guinea pig was markedly tuberculous, the provoking filtrate injection 


Fic. 1. The recrudescence (‘‘flare-up’’) of the local skin reacting focus and coincidently 
the primary focus of injection of viable tubercle bacilli. 

a: The recrudescent tuberculin reaction site, ‘““Tn,’”’ and primary bacillary injection site 
(local reaction), ““B,” in a tuberculous guinea pig. The reaction began to appear within a 
short time after intravenous injection of the filtrate. 

b: The internal organs of tuberculous animal (a) which had been infected subcutaneously 
with virulent human tubercle bacilli two months prior to the provocative filtrate injection 
after which the animal died within twelve hours. 

c: The recrudescent skin (tuberculin) reaction site, “Tn,” and primary bacillary injec- 
tion site, ‘““B,’’ two months after the subcutaneous injection of 1 mg. avirulent human tubercle 
bacilli and about twelve hours after the intravenous injection of filtrate when the animal died. 
This photo shows the external skin view. 

d: The skin shown in c. Photo taken from the underside showing vascularity of both 
foci. 
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TABLE 5 
The effect of tuberculosis upon tuberculo-anaphylaxis 


BACILLARY INJECTION 
(SUBCUTANEOUSLY) 


TIME OF ANAPHYLACTIC 
SENSITIZATION WITH 
FILTRATE 
(INTRAVENOUS) 


TIME AFTER INFECTION 
AND AMOUNT OF PRO- 
VOCATIVE FILTRATE IN- 
JECTION (INTRAVENOUS) 


RESULTS AND TUBER- 
CULOUS INVOLVEMENT 


1 mg. avirulent human tuber- 
cle bacilli 


0.000,1 mg. virulent human 
tubercle bacilli 


10-* mg. virulent human tu- 
bercle bacilli 


0.000,1 mg. virulent human 
tubercle bacilli 


0.000,1 mg. virulent human 
tubercle bacilli 


10-* mg. virulent human tu- 
bercle bacilli 


10-* mg. virulent human tu- 
bercle bacilli 


10 mg. avirulent human tu- 
bercle bacilli 


10 mg. avirulent human tu- 


bercle bacilli 


5 cc. (3 mg. tuber- 
culoprotein 
equivalent) 


2 weeks 5 cc. (3 mg. 
tuberculoprotein 
equivalent) 


2 weeks 5 cc. (3 mg. 
tuberculoprotein 
equivalent) 


2 weeks 5 cc. (3 mg. 
tuberculoprotein 
equivalent) 


Coincidental 5 cc. 
(3.0 mg. tubercu- 
loprotein equiva- 
lent) 


Coincidental 5 cc. 
(3 mg. tuberculo- 
protein equiva- 
lent) 


Coincidental 5 cc. 
(3 mg. tuberculo- 
protein equiva- 
lent) 


6 weeks 2.5 cc. (1.5 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 2.5 cc. 
(1.5 mg. tubercu- 
loprotein equiva- 
lent) 

2 months 2 cc. (1.2 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 2 cc. (1.2 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 5 cc. (3.0 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 5 cc. (3.0 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 1 cc. (0.6 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 1 cc. (0.6 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 5 cc. (3 
mg. tuberculo- 
protein equiva- 
lent) 

2 months 1 cc. (0.6 
mg. tuberculo- 
protein equiva- 
lent) 


Died 2 minutes 


Died 2 minutes 


Died 2 minutes 
Tuberculosis = 3-+-* 


Died 2 minutes 
Tuberculosis = 2-+- 


Died 6 hours 
Tuberculosis =3-+- 


Died 3 minutes 
Tuberculosis = 3+ 


Died 8 hours 
Tuberculosis = 3+ 


Died 2 minutes 
Tuberculosis = 2+ 


Died overnight 


Died 3 minutes 


* The tuberculous involvement is graded as follows: 0, no macroscopic tuberculosis found; 
2+, generalized disease without appreciable hepatic and pulmonary disease; to 3+-, a gen- 
eralized tuberculosis of all important internal organs (lymphatic glands, lung, liver and 


spleen). 
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TABLE 5—Concluded 


TIME OF ANAPHYLACTIC | TIME AFTER INFECTION 
BACILLARY INJECTION SENSITIZATION WITH AND AMOUNT OF PRO- RESULTS AND TUBER- 

(SUBCUTANEOUSLY) FILTRATE VOCATIVE FILTRATE IN- | CULOUS INVOLVEMENT 
(INTRAVENOUS) JECTION (INTRAVENOUS) 


0.25 cc. two injec-| 1 month 2.5 cc. (1.5) Died 6 minutes 
tions 1 day apart} mg. tuberculo- 
(0.3 mg. tubercu-| protein equiva- 
loprotein equiva-| _lent) 
lent) 

10-* mg. virulent human tu- month 0.25 cc.| 2 months 2.5 cc.| Died 3 minutes 
bercle bacilli two injections 1} (1.5 mg. tubercu-| Tuberculosis=2+ 

day apart (0.3) loprotein equiva- 

mg. tuberculo- lent) 

protein equiva- 

lent)t 

10 mg. avirulent human tu-| 1 month 0.25 cc.| 2 months 2.5 cc.| Died 5 minutes 
bercle bacilli two injections 1} (1.5 mg. tubercu- 

day apart (0.3) loprotein equiva- 

mg. tuberculo- lent) 

protein equiva- 

lent) 


t These animals were given only 2 injections of small amounts (0.25 cc.) of filtrate because 
the tuberculous involvement precluded further injection due to a lethal allergic death. Some 
of the animals had a protracted death even after the first and second injections. 


elicited both reactions in the same animal in that the usual symptoms 
of acute anaphylactic intoxication occurred within the first five to fifteen 
minutes with recovery and then the animal died of the protracted al- 
lergic intoxication within twenty-four hours. 


SUMMARY AND CONCLUSIONS 


1. No strain specificity (anaphylactically) was noted for the natural 
filtrates obtained from growing avirulent or virulent human tubercle 
bacilli on synthetic nonprotein media. Slightly more sensitizing effect 
(anaphylactically) on a unit basis was noted for the filtrate obtained 
from the virulent human bacilli as compared with the avirulent human 
bacilli. The purified tuberculoprotein prepared with trichloracetic 
acid showed no appreciable difference in provoking a fatal anaphylactic 
shock in filtrate sensitized guinea pigs whether obtained from avirulent 
or virulent human tubercle bacilli, but more was required than the 
filtrate equivalent. The purified tuberculoprotein, although showing 
no loss of skin reactive power in bacillary sensitized and tuberculous 
guinea pigs, did not sensitize normal guinea pigs anaphylactically in 
relatively large amounts. 
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2. Tuberculous and bacillary injected animals given intravenous (or 
by other routes) injections of filtrate, after a proper incubation period, 
do not die in anaphylactic shock but die protractedly from allergic 
intoxication. Death can be produced also in these animals by the 
intravenous injection of washed fine bacillary suspensions. 

3. The phenomenon of local skin reactivity (Shwartzman) appears to 
play no significant rédle in tuberculosis intoxication and is not to be 
confused with the recrudescent (“flare-up”) response of an old tuber- 
culin-test focus or the recrudescence of a local or focal site.: 

4. Guinea pigs sensitized with filtrate do not lose this anaphylactic 
sensitivity upon infection with virulent human tubercle bacilli and 
injection of bacillary suspension of avirulent human tubercle bacilli. 
The two reactions (anaphylactic and allergic) can be demonstrated to 
coexist in the same animal when recovery from the anaphylactic reaction 
occurs and subsequent protracted allergic death results later. 

5. It appears from this and additional evidence reported previously 
that specific anaphylaxis plays no significant réle in experimental tuber- 
culosis while the intoxication is closely related to specific allergy whether 
due to tuberculin or bacillary body, although some of the details of 
the latter action are not fully understood. 
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CHRONIC NONSPECIFIC PULMONARY DISEASE! 
I. The Radiographic Diagnosis of Bronchiectasis 


PAUL M. ANDRUS 


Chronic nonspecific? pulmonary disease, both clinically and anatom- 
ically, is complex and confusing. The present short series of papers is an 
attempt to untangle in some measure the skein, by a resorting of the 
known elements concerned. 

Because bronchiectasis is susceptible of relative proof as to its existence, 
this will be used as a foothold for a major part of the studies. However 
this is merely a means to an end, to make possible further deductions as 
to chronic nonspecific pulmonary disease in general. 

Number one of the series will survey the radiographic characters of 
bronchiectasis, together with the anatomical bases on which the ab- 
normal shadows are taken to be founded. The second study attempts 
to unroll the pathological sequence of events, by virtue of which an 
insight into the complexities of chronic nonspecific pulmonary disease 
may become possible. The third and final paper aims from these ante- 
cedent bases to sort the various shadow-complexes into named groups 
which may have a common significance to different observers, in other 
words, to classify. 

We know of no comprehensive description of the radiographic char- 
acters of bronchiectasis. Textbooks as a class illustrate dilated bronchi 
when filled with iodized oil, but say little of the much more important 
question as to how the condition is to be diagnosed or suspected from the 
plain X-ray film. It is therefore with the diagnostic clues of the plain 
radiograph that we will here be chiefly concerned. It should not how- 
ever be expected that there will be any approach to precision in this 
identification, comparable for example to that for pulmonary tubercu- 
losis. Rather we must learn when this condition may be legitimately 
suspected from the radiographs, and use this as a starting point for 
further investigation. The description is, in addition, a necessary 


1 From the Mara Laboratories? at the Queen Alexandra Sanatorium, London, Ontario. 
2 Assisted by the National Research Council of Canada. 
3 Not specified or named such as tuberculosis, malignancy, etc. 
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preliminary to the analysis of other chronic nonspecific pulmonary 
diseases, which follows in the later sections of the paper. 

In the first place it is fundamental that dilatation of bronchi is, other 
than rarely, not directly visible as such in the plain X-ray film, that is, 
without the aid of contrast media. The condition however is with great 
frequency accompanied by certain associated factors, the existence of 
which is definitely suggestive of this class of disease. The more con- 
spicuous of these are four in number, namely: 


1: Generalized increase in density of the pulmonary markings 
2: Ring shadows 

3: Displacement of organs 

4: Chronic pneumonia 


These shadows so regularly accompany lipiodol-proved bronchiectasis 
that their occurrence in radiographs, singly or in combination, thor- 
oughly warrants the suspicion that bronchiectasis may be present. 
Further though less constant radiographic associates are certain forms 
of diaphragmatic changes. 

Depending upon the number and intensity of these signs, and of course 
upon the clinical correlations, such suspicion may amount to probability, 


or may rise to virtual certainty, without corroboration by the use of 
iodized oil. Jt is however this need for inference and deduction, in contrast 
to the direct visualization of disease, as for example in tuberculosis, that 
makes the identification of bronchiectasis so much more difficult a problem. 


I. THE PULMONARY MARKINGS 


Nature of the shadows: Conspicuous increase in density of the radiat- 
ing linear shadows over both lung fields occurs in a high percentage of 
cases of proved bronchiectasis. This was interpreted in not far from 100 
per cent of such cases in this Institution, although the precise figure must 
of course be to some extent a matter of opinion. Abnormal size and 
density of the hilar shadows are often associated. Less often the visible 
changes are confined to the lower half of the lung fields. 

Reasonably good technical characters in the films are necessary to 
permit this identification. Blurring or undue magnification of image 
may produce such an appearance in the normal. Improper density or 
contrast of shadows may either obliterate or produce false images of the 
kind. Asa matter of fact, and contrary to popular belief and tradition, 
good technical standards in films are much more necessary for the 
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identification of chronic basal disease, than they are for the finding of 
“early” tuberculosis. 

In addition it is necessary that a sound standard of normality be bred 
in the mind of the observer, by virtue of a substantial experience with 
films. 

Within these limits a clearly pathological increase in density of the 
pulmonary markings may be identified with relative ease and certainty. 
There will however necessarily be many additional border-line or uncer- 
tain cases. 

Anatomical basis of abnormal linear shadows: What anatomical inter- 
pretation may then be placed upon this finding of abnormal density of 
the pulmonary linear markings? 

In the first place it is noteworthy that the radiographic picture of 
simple catarrhal bronchitis is essentially negative. That is, there is a 
large group of people with chronic cough and expectoration, in whom the 
existence of such a process is not suggested by the radiographs. It would 
therefore seem that the thickening of the mucous membrane, which 
may be assumed to be present in this class of case, is generally insufficient 
to cast an obviously increased radiographic shadow. 

When increased density of the pulmonary markings is identified in a 
film, this may then conversely be assumed to be usially due to other and 
further anatomical causes than mucous membrane thickening. There 
does not seem to be much choice but to assign this increased shadow to 
changes in the bronchial walls or peribronchial tissues. This is of course 
the known pathology of bronchiectasis where such shadow changes most 
regularly occur. 

Since, as will be reviewed later, such bronchial wall changes have a 
quite different origin and significance than has purely mucous mem- 
brane disease, it would seem both desirable and useful to distinguish the 
two by the use of differential terms. We accordingly recommend that 
the term mural bronchitis be used to designate involvement of the bron- 
chial wall structures, when this is deduced to be the case. 

Differential diagnosis of abnormal mural shadows: Generalized increase 
in density of the pulmonary radiographic markings may be observed in 
association with two classes of disease, vascular and infectious processes. 
In general, if there are no radiographic or clinical clues to suggest that 
such a change is vascular in origin, it may be taken to represent probably 
an infectious injury. 

Of the probably vascular group, such mural shadows are regularly a 
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part of the aging process, whether physiological or pathological. The 
latter is represented by the prematurely deteriorated and arteriosclerotic 
type of individual. The single best clue as to this lies in an abnormal 
prominence of the shadow of the transverse aorta. The pathology of the 
pulmonary changes under these circumstances is obscure, but it is never- 
theless a fairly characteristic radiographic picture. Dilatation of 
pulmonary blood-vessels from right heart obstruction may result in wide, 
smoothly outlined and tapering linear markings, easily distinguished 
from the more amorphous characters of reactions of other origin. Active 
circulatory failure, presumably as a result of oedema, may produce 
stippled and mottled effects simulating the shadows of bronchopneu- 
monia. All of these things are suggested chiefly by the associated size 
and shape of the heart shadow, and by the clinical correlations. 

However, if none of these suggestions of a vascular basis are present, 
shadows of increased mural density may be taken to represent probably 
inflammatory reaction in the bronchial walls. Since such shadows occur 
with high frequency in proved bronchiectasis, their presence conversely 
must be regarded as indicating the possibility of this disease being 
present. 

When mural bronchitis is unaccompanied by further radiographic or 
clinical clues, the frequency of bronchial dilatation will not be very high, 
although some will be found if iodized oil is used. If to mural bronchitis 
is added any one of the other “cardinal radiographic signs of bronchi- 
ectasis” as listed at the beginning of this paper, a considerable proportion 
will be found to have bronchial dilatations if studied with the aid of 
contrast media. Such a combination then warrants a diagnosis of 
“marked suspicion” as to bronchiectasis. This will of course be en- 
hanced if there is also a suggestive clinical story. If wo further cardinal 
radiographic signs are present in addition to mural bronchitis, the inci- 
dence of bronchial dilatation, if examined with iodized oil, will be found 
to be quite high. Under these circumstances a diagnosis of “probable 
bronchiectasis” is warranted from the plain radiographs. If the signs 
are well marked or extensive, or if the clinical story is corroborative, a 
positive diagnosis may on occasion be justified. 


II. RING SHADOWS 


Nature of the shadows: Ring shadows occurred in the X-ray films of 85 
per cent of our cases of proved bronchiectasis. They are therefore 
rightly regarded as a major clue to the existence of this disease. In their 
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most spectacular form they consist of gross whorls completely occupying 
the region of a chronically collapsed lung. Scarcely less dramatic occur 
“honeycombs” of high-lights associated with a collapsed lobe or major 
section of a lobe. Both of these conditions as shown by Warner and 
others (1, 2) are almost inevitably accompanied by bronchiectasis. 

However, in the majority of cases of proved bronchiectasis, the ring 
shadows consist of more scattered radiographic high-lights. Ovoid 
forms predominate, but they may be circular. Except in the case of the 
whorls of a completely collapsed lung, they are rarely as much as a centi- 
metre in their greatest dimension. The walls may be indefinite, may be 
thin, or less often are relatively thick and obvious. A rather char- 
acteristic picture is a chain-like formation of rings along a heart border, 
curving outward above the domes of the diaphragm. 

All grades, of course, occur from the gross to the questionable. As 
before, the technical characters of the films and the experience of the 
observer must be sufficient to differentiate the pathological from the 
physiological. 

Anatomical basis of ring shadows: Because of the ease with which the 
cavities of tuberculosis were depicted by radiography, a similar success 
was early anticipated for bronchiectatic “cavities.” When small ring 
shadows were regularly seen in the films of individuals with clinical 
bronchiectasis, it was thought that this end had been attained. How- 
ever the advent of iodized oil showed that these rings were not dilated 
bronchi, but were extrabronchial in position, that is, were usually due to 
emphysematous air sacs. However, although ring shadows are not 
regularly caused by the walls of dilated bronchi, they nevertheless remain 
one of the most constant and conspicuous features of this class of disease. 

Although the genesis of bronchiectasis will be the subject of a following 
paper, a tentatively useful train of thought is to regard a pathological 
degree of ring shadows as evidence that the regional lung has probably 
suffered a traumatic overexpansion. Whatever the overdistending 
force may have been, it follows that the bronchi of the part may have 
been exposed to this same force, and may also have suffered dilatation. 

Differential diagnosis of ring shadows: Thus both in theory and in 
practice, the visualization of a pathological degree of ring shadows in an 
X-ray film warrants the suspicion that bronchiectasis may be present. 
The probabilities as to bronchiectasis in a given case, of course, vary 
with the extent and obviousness of the ring shadows. As described 
under mural bronchitis, one additional radiographic “cardinal sign” 
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warrants a strong suspicion. Two or more additional signs raise the 
diagnostic status to probable or better, as far as bronchiectasis is con- 
cerned. 

The identification and naming of this class of disease when bronchial 
dilatation is not shown to be present will be the subject of a following 
paper on classification. 


III. DISPLACEMENT OF ORGANS 


Nature of the shadows: Displacement of organs toward diseased areas 
occurred in 90 per cent of our cases of proved bronchiectasis. Many of 
those without displacement showed bilateral disease, and it is of course 
possible that displacing forces from opposite sides have counterbalanced 
each other. The heart and the diaphragm are the organs most often 
concerned and displacements to the left greatly predominate. Down- 
ward displacements of interlobar fissures may also be seen. Therefore, 
displacement of organs into the lower lung fields, otherwise unexplained, 
legitimately raises a suspicion as to bronchiectasis. 

Anatomical basis of displacement of organs: Displacement of organs 
is a necessary associate of major atelectasis, that is, visible collapse of an 
entire lung, lobe, or major section of a lobe. There is universal agree- 
ment that such major atelectasis, when chronic, is virtually diagnostic 
of bronchiectasis (1, 2). 

However displacement of organs is frequently present in proved 
bronchiectasis, where such gross atelectasis is not apparent. Such 
displacement of organs is commonly regarded as resulting from shrink- 
age of scar tissue. This may of course well be the case. The characters 
of the observed radiographic changes however suggest that this displace- 
ment of organs may in general be more rationally explained, as being 
due to atelectatic‘ shrinkage of lung tissue. The bases of this deduction 
may be enumerated as follows: 


1: Displacement of organs in both tuberculous and nonspecific pneumonias 
occurs so early and so rapidly as to preclude fibrotic shrinkage as a reasonable 
cause in a majority of cases. There is, however, almost no limit to the rapidity 
with which atelectatic collapse could produce such changes. 

2: Displaced organs often partly or completely return to their original position 
when acute pneumonias resolve and are cured. Such replacement of organs 


‘By the term atelectasis, unless otherwise qualified, we mean collapse of lung tissue 
resulting from acquired relative airlessness. 
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we take to indicate that the original displacement could not have been due to 
fibrotic shrinkage. It is however the expected effect of dissolution of at- 
electasis. 

3: Displacement of organs in bronchiectasis does not progressively increase 
with the passage of time as might be expected if due to fibrotic shrinkage. 
The initial rapid displacement is customarily relatively fixed in degree. 

4: The fact that fibrosis is actually a conspicuous pathological feature of 
bronchiectasis does not weaken the concept of displacement by atelectatic 
shrinkage. Examiners of early postpneumonic injury stress the fact that 
massive fibrotic reaction is conspicuously an immediate result of atelectasis 
in the presence of infection. Thus Hennell (3) states, ““The marked pulmonary 
fibrosis which develops after atelectasis occurs, eventually dominates the pic- 
ture,” and Hamman and Sloan (4) in discussing the pathological anatomy of 
collapsed lungs state, ‘“The most striking change is the extreme fibrous tissue 
formation; this occurs in a degree never observed under other conditions.” 
It is clear that fibrosis is conspicuously a possible result of atelectasis. Its 
existence therefore in no way implies that it was necessarily the first cause of 
the pulmonary shrinkage 


From these radiographic and pathological observations, we conclude 
that the anatomical basis of displacement of organs in pneumonic and 
bronchiectatic disease is probably as a rule atelectatic collapse of lung 


tissue rather than shrinkage of scar tissue. 

Differential diagnosis of displacement of organs: With unexplained 
displacement of organs into the lower lung fields, conspicuous bronchi- 
ectatic dilatations may be demonstrable with iodized oil, even in the 
complete absence of other radiographic clues. Isolated displacement 
of organs is therefore legitimate grounds for suspicion as to this disease. 

The relationship is reasonably explained if the displacement of organs 
is regarded as probably the result of atelectatic shrinkage in former 
pneumonia, as atelectasis and pneumonia are about the only causes of 
this disease generally agreed on. We have shown in a previous publica- 
tion (5) that fibrotic shrinkage is a much less satisfactory explanation 
of bronchial dilatation. 

More often, however, displacement of organs in bronchiectasis is 
accompanied by other radiographic clues, slight or marked. A visible 
atelectatic lobe or lobes with whorls or honeycombs of ring shadows are 
the most obvious of these, and are agreed by all to be virtually diagnostic 
of bronchiectasis (1, 2, 5 for further references). If any degree of chronic 
pneumonia accompanies displacement of organs, the probabilities as 
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to bronchiectasis become quite high. The suspicion as to bronchiectasis 
aroused by displacement of organs is greatly augmented by even slight 
degrees of ring shadows or mural bronchitis; and may warrant a tenta- 
tively positive diagnosis if these are marked. 


IV. CHRONIC PNEUMONIA 


Characters of the shadows: Chronic pneumonia-like shadows were 
present in more than 80 per cent of our cases of proved bronchiectasis. 
The shadows may be flocculent or fibrotic in appearance, or a combina- 
tion of the two. They may vary from a single small patch to massive 
involvement of the lower half or more of both lung fields. Substantial 
amounts of chronic pneumonia are apt to be associated with the textbook 
type of bronchiectasis having quantities of foul expectoration, decanta- 
tion and clubbing of the fingers. Except in the case of slight pneumonias, 
the shadows are apt to be bilateral in distribution and of unequal degree 
as to the two sides. 

A less obvious type of chronic pneumonia may be seen as a mottling 
along the course of the basal trunks or as a matted appearance of the 
same. This seems to represent usually the residue of a formerly more 
intense and more obvious pneumonic process. This I take it is what is 
sometimes described as “interstitial pneumonia,” and represents a border- 
line phase in the identification of pneumonic shadow. 

Chronic basal pneumonias are as a class apt to be fairly persistent. 
Less frequently they may more or less completely resolve over a period 
of up to two years. 

Anatomical basis of chronic pneumonic shadows: The chronic pneu- 
monia-like shadows of basal bronchiectasis may be the residue either of an 
initial causative pneumonia or of recurring acute pneumonias to which 
this class of person is distinctly subject. The persistence of such deposits 
we presume to be in the first place the result of organization of exudate. 

It may be however that the rapid and extensive fibrosis, which others 
(3, 4) have shown to be conspicuously a result of atelectasis, explains the 
persistence of shadow in these cases; and that in the absence of post- 
pneumonic atelectasis, complete absorption of exudate is more apt to 
follow. It is thus very possible that an important part of the shadows 
commonly identified as chronic pneumonia are actually due to patchy 
atelectasis rather than solely to organized exudate. 

Differential diagnosis of chronic nonspecific basal pneumonias: Any 
chronic basal pneumonia must be regarded as highly suggestive of 
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bronchiectasis. Such suspicion is warranted first by clinical experience, 
and second by the fact that failure of resolution of pneumonia contains 
all the pathological “germs” which are known to also cause bronchi- 
ectasis. The more extensive the pneumonia the more likely is bronchi- 
ectasis to be present. 

If displacement of organs is also present, the probabilities as to bronchi- 
ectasis become quite high. 

If atelectatic lung is actually visualized, or if obvious ring shadows 
are also present, a relatively positive diagnosis of bronchiectasis may be 
justified. 


V. DIAPHRAGMATIC IRREGULARITIES 


Nature of the shadow: Diaphragmatic irregularities often accompany 
bronchiectasis. Obliteration of one or both costophrenic sulci or a 
limited degree of tenting or scalloping of the diaphragmatic contours 
often occur, but cannot be said to have any special significance in this 
respect. 

Proved bronchiectasis is, however, sometimes accompanied by more 
severe diaphragmatic deformities. These may consist of marked 
tentings and quiltings, of amorphous irregularities or of a straight-edge 
effect involving the greater part of the length of a dome. A somewhat 
characteristic deformity is the conversion of one or both domes into a 
series of sloping steps or terraces. 

Anatomical nature of diaphragmatic irregularities: Marked diaphrag- 
matic irregularities seem as a class to result from basal pneumonic 
processes rather than from idiopathic or tuberculous pleurisies, dry or 
wet. Thus, diaphragmatic deformities (other than complete displace- 
ments) are not usually more than mild in tuberculous disease, until or 
unless parenchymatous involvement of the lower lobe becomes visible. 
Such changes are common, but obviously explained, in the presence of 
pneumothorax and after empyemata. We have seen localized parts of a 
dome of a diaphragm apparently “‘fall in” to a visible region of pneumonic 
disease, and return to a normal contour when the pneumonia has re- 
solved. From the above observations it seems possible that gross 
diaphragmatic irregularities, when not otherwise explained, may be 
related to patchy atelectasis in pneumonic disease rather than to purely 
pleural injury. 

Differential diagnosis of diaphragmatic irregularities: Marked dia- 
phragmatic irregularities are not seen in proved bronchiectasis with 
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anything like the frequency of the formerly discussed four “cardinal 
signs.”” Some degree of diaphragmatic changes were present in 69 per 
cent of our cases of proved bronchiectasis, but only a third of these were 
sufficiently conspicuous to be in themselves regarded as significant. 
Although not of high frequency, marked diaphragmatic irregularities 
which are not otherwise apparently explained should be regarded as 
indicating the possibility of antecedent causative pneumonia. This in 
turn is sufficient basis for suspecting the possibility of bronchiectasis. 
Postempyemic diaphragmatic changes, if at all marked, always warrant 
the suspicion of bronchiectasis. Dilatations under these’ conditions 
may be demonstrated with iodized oil in the absence of other radiographic 
clues. 

When present in conjunction with other radiographic cardinal signs 
or clues, marked diaphragmatic irregularities may correctly be regarded 
as supporting evidence of high value from the standpoint of bronchi- 
ectasis. 


VI. IODIZED OIL AS A DIAGNOSTIC AGENT 


The normality or abnormality of bronchi when filled with iodized oil 
is practically self-evident and will not be made the subject of discussion 


here. There are however certain limitations to the utility of the method 
which we believe should be pointed out. 

Reliability of iodized oti: In the first place the procedure is by no means 
infallible as a method of identifying bronchial dilatations. There are 
several anatomical reasons why iodized oil may be expected to enter 
normal in preference to dilated bronchi. 

We are told by bronchoscopists (6, 7) that the dilated bronchus by 
reason of inspissated exudate or a causative new growth, etc. is fre- 
quently an obstructed bronchus. Even if obstruction of the lumen is 
not complete, we are somewhat in the position of trying to pour a viscous 
fluid into a narrow necked bottle. Again, Warner (7) states that he has 
never observed iodized oil to enter the terminal air cells of a dilated 
bronchus; an observation that we can personally confirm. ‘This occlusion 
of the functionally related air cells must mean that the bellows aspirating 
effect of normal air cells is specifically absent in the case of dilated 
bronchi. Again unless a thorough flooding of all sections of both bases 
is attained, one cannot be confident that all bronchi have been exposed 
to the method. 

Although success will vary with the skill and persistence of the oper- 
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ator, it is nevertheless not surprising to meet with proved failures, that 
is, to see the opaque material enter normal and not the dilated bronchi. 
We have elsewhere (5) recorded a failure proved at autopsy. The method 
must almost inevitably fail in the presence of an obstructing new growth, 
distal to which the grossest of all bronchiectasis develops. We have 
seen obvious bronchiectatic dilatations at one filling, and no suggestion 
of the same at another. It is sometimes disconcerting to see gross 
dilatations in regions of apparently normal lung, and no suggestion of 
the same in adjacent diseased lung from which the process was suspected. 
Again, failure to demonstrate dilatations occurs in cases that are clinically 
so characteristic as to leave no reasonable doubt in the mind of the clini- 
cian as to their presence. 

It follows that a negative result from this method does not eliminate 
bronchiectasis as a diagnosis. Such false negative findings, we think, 
are in no way rare or isolated events. 

Difficulty of attainment: Although the instillation of iodized oil into 
the bronchial tree is universally described as a simple procedure, the fact 
remains that in practice the attainment of this examination is not nearly 
as easy as the description might imply. The practicing physician is in 
general distinctly reluctant to undertake the examination. The cost 
of the service, material, and necessary radiography are also important 
as obstructing elements. It comes about that this examination for the 
most part is readily available in only a limited number of special chest 
centres. It follows that it is frequently necessary for the clinician and 
roentgenologist to make the best possible decision from the plain X-ray 
film, and without the aid of this very valuable agent. Thus it becomes 
necessary to learn to extract the maximum possible information from the 
plain or “unlipiodolized”’ X-ray film. 

The nature of the disease process: In addition to the above limitations 
as to the utility of the method, a further significant factor, we think, is 
to be found in the nature of the disease with which we are dealing. 
Whatever the infectious and physical agents that are capable of causing 
bronchiectasis may be, these same agents may cause chronic “bronchi- 
ectasis-like’’ disease but with no bronchial dilatations. The clinical 
state and future of those who have suffered this kind of injury are not 
solely a matter of the presence or absence of bronchial dilatations. 
Thus a sharply defined separation into bronchiectasis and no bron- 
chiectasis, even if possible by the use of this tool, does not represent a 
final and sufficient differentiation of the bronchiectatic type of disease. 
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The identification and classification of this kind of injury will be the 
subject of the third and final paper of this series. 


SUMMARY 


Four roentgenological “cardinal signs” of bronchiectasis are described, 
namely: 


1: Generalized increase in density of the pulmonary markings 
2: Ring shadows 

3: Displacement of organs 

4: Chronic pneumonia 


It is shown that the presence of any one of these warrants an important 
suspicion as to bronchiectasis. 

When two of these “cardinal signs” are well established, such suspicion 
is very greatly enhanced. 

The presence of three or more of these shadow-changes warrants a 
diagnosis of bronchiectasis, ranging from probable to presumptive or 
positive, according to the development of the shadows, and the clinical 
associations. 
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Unanimity of opinion is not yet attained as to the pathogenesis of 
bronchiectasis. A diagnostic classification must of course hinge upon 
some pathological concept, right or wrong. Since classification is the 
ultima Thule of this series of papers, it becomes necessary to expound the 
pathological faith upon which this analysis is based. 

Chest radiography, because of its serial properties, has on occasion 
provided vigorous clues as to pathogenic origins; clues which may not 
be inherent in the single postmortem examination. The recognition of 
pulmonary atelectasis,* for example, as a frequent associate of pneumonic 
processes of all kinds, as well as many phases of the evolution and involu- 
tion of tuberculous disease, has come about largely in this way. 

We believe that the method may also shed a clarifying light upon the 
large and obscure group of chronic nonspecific pulmonary diseases. 
Because of the availability of proved material, we will commence by 


examining the clues added by radiography in the case of bronchiectasis. 
From these we will attempt to develop what may be known of the 
characters and genesis of other chronic nonspecific pulmonary diseases. 


MASSIVE ATELECTASIS 


The first of these radiographic clues as to the pathogenesis of bron- 
chiectasis is provided by the literature on what is commonly called 
“massive atelectasis,” that is, permanent collapse of a complete lung. 
Atelectasis’ is inferred because of gross dislocation of the entire mediasti- 
num to the affected side, as well as retraction of other structures such 
as the diaphragm and ribs. 

A freshly atelectatic lung casts a dense homogeneous shadow. In 
these chronic cases however the entire field is occupied by multiple large 
ring shadows described by Warner as “whorl-like” (1). Warner shows 
that instillation of iodized oil into these lungs invariably shows the 


1 From the Mara Laboratories? at the Queen Alexandra Sanatorium, London, Ontario. 
2 Assisted by the National Research Council of Canada. 
3 By “atelectasis” we mean lung shrinkage resulting from acquired relative airlessness. 
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presence of extensive bronchial dilatations. However the shape and 
position of the dilated bronchi do not agree with or replace the ring shad- 
ows of the plain film, but the two coexist side by side. We therefore 
conclude that the whorls in an atelectatic lung are not in the main caused 
by dilated bronchi, but must be due to emphysematous bullae. This 
terrific emphysematous tearing is confirmed by examination at 
autopsy (2). 

We have elsewhere reviewed the mechanics of this situation (2). We 
have shown that atelectatic collapse of lung tissue must result in over- 
distention and elastic hypertension of the remaining lung. - Pull from 
this source may rise to high values and, in the presence of infectious 
injury, may produce ectasia of both air cells and bronchi. The tre- 
mendous air-cell and bronchial dilatation so characteristic of massive 
atelectasis merely represents the peak of this type of mechanical and 
infectious injury. 


LOBAR ATELECTASIS 


Chronic atelectatic collapse of a single lobe of a lung produces a some- 
what similar picture. The lobar nature of the opaque mass may be 
identified by the limiting and displaced interlobar fissures (the triangular 


basal shadows of other observers) (3, 6, 2 for other references). The 
displacement of organs is apt to be substantial but less gross than in the 
case of collapse of a complete lung. High-lights are usually seen in the 
mass if the radiographic penetration has been sufficient. These may be 
whorl-like, though less gross than with massive atelectasis. More often 
what may be described as a honeycomb effect results. All voices unite 
in agreeing that a collapsed lower lobe is inevitably accompanied by 
bronchial dilatations (1, 3, 2 for further references). One can scarcely 
doubt that we have here the same physical situation as results from 
massive atelectasis, except that it is quantitatively less, and the effects 
accordingly less dramatic. 

More common than collapse of an entire lobe is what we take to be 
atelectasis of a major section of a lobe. This differs from collapse of a 
complete lobe only in that the area concerned is smaller, and not clearly 
limited by an interlobar fissure. It is usually situated at the extreme 
base. The displacement of organs, honeycomb of ring shadows and 
presence of bronchial dilatations are otherwise the same as when an 
entire lobe is collapsed. This is a characteristic and relatively common 
radiographic picture. It is rather convincing evidence of the existence 
of bronchiectasis whether or not iodized oil is used. 


CHRONIC NONSPECIFIC PULMONARY DISEASE 101 


In the case of either a lobe or major section of a lobe, iodized oil shows, 
as before, that the ring shadows are not due to the dilated bronchi, but to 
coexisting air-cell overdistention. 

The deduction from this general situation then seems to be that 
atelectasis of major proportions almost inevitably results in localized 
dilatation of both air cells and bronchi. An understanding of the radio- 
graphic picture hinges upon recognizing displacement of organs and the 
presence of localized ring shadows as inferring pulmonary ectasia of trau- 
matic origin. ‘This in turn is the material of which bronchiectasis is 
born. Bronchial dilatations under these conditions may or may not 
have resulted, but they may always correctly be suspected. That this 
is the case is the substance of the preceding paper of this series. 


PHANTOM OR CONCEALED ATELECTASIS 


However, only a limited proportion of cases of bronchiectasis exhibit 
collapse of a whole lung, lobe of a lung, or major section of alobe. This 
then leaves us with a preponderance of cases not superficially explainable 
on this basis. Proved cases of bronchiectasis, however, which lack this 
feature of visible major atelectasis, nevertheless exhibit with striking 
frequency the same group of radiographic characters, namely, chronic 
pneumonia-like shadows, localized ring shadows and displacement of 


organs. 

The striking similarity in character and frequency between the shadows 
of bronchiectasis when major atelectasis is present, and those of other 
cases of bronchiectasis, raises the question whether the two may not be 
of common origin, that is, both be manifestations of atelectatic injury. 

Such a concept is in the first place entirely consistent with all patho- 
logical, clinical and physical constants of this class of disease. 

Thus, instead of massive regional collapse, we may here be dealing 
with scattered or patchy collapse, incorporated in the shadows usually 
described as bronchopneumonic. Alternatively, collapsed lung may be 
concealed behind the heart shadow (this being the single most common 
site both of collapsed lobes and of bronchial dilatations) or atelectasis 
may conceivably result in lung injury and then be more or less completely 
dissipated. 

Unlike lobar collapse, these possible forms of phantom collapse can be 
suspected only because of the displacement of organs, and not by the 
local characters of the shadows. 

In support of this possibility, atelectasis is recognized (4) as an in- 
tegral pathological associate of bronchopneumonic disease. Indeed we 
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strongly suspect that atelectatic shrinkage and resulting organization of 
tissue may be a cause of the persistence of the pneumonia-like shadows 
in bronchiectasis, and that, without atelectasis, the pneumonia more 
regularly undergoes complete resolution. 

In the previous paper of this series we have shown evidence for the 
belief that the regularly occurring displacement of organs in bronchi- 
ectasis is much more reasonably explained as being oe to atelectatic 
shrinkage than to contraction of scar tissue. 

Finally it will be recalled that pneumonia is the most common single 
cause both of bronchiectasis and of atelectasis. 

We therefore submit that the ring shadows, bronchopneumonia-like 
shadows and displacement of organs, which form the characteristic radio- 
graphic picture of the run of bronchiectatic disease, may readily represent 
patchy atelectasis and pulmonary overdistention, of the same kind as 
regularly results when localized atelectasis is identified. 

However, an admission of the consistency of this situation does not 
in itself carry the story to a state of reasonable probabilities. The best 
final answer we think is to be found in a further and negative factor. 
We have elsewhere (2) elaborately examined from the physical, patho- 
logical and clinical standpoints all the factors which are proposed in the 
literature as possible causes of bronchiectasis. It was shown that as 
physical dilating agents many of these forces must be nonoperative 
or negligible, and that other purported causes of dilatation are actually 
protective or constrictive to the bronchi. 

The only physically sound basis of dilatation that we were able to 
deduce is the elastic pull of the lung, either normal as proposed by Warner 
(5), or of pathological degree as results when atelectasis is present. The 
former we concluded to be entirely possible, but because of its low 
mechanical value to be of probably low frequency. The latter we con- 
cluded to be a completely sufficient explanation of every known aspect 
of this disease. The absence of any other sound or frequent explanation 
of bronchial dilatation may then be taken to distinctly strengthen the 
concept that the single known positive cause, atelectasis plus infection, 
is in all probability also the most common cause. 

Pneumonia and atelectasis thus provide us with a complete and 
reasonable explanation of all the clinical, pathological, physical and 
radiographic aspects of the bronchiectatic class of disease. On the 
contrary none of the other purported causes in the literature even re- 
motely approach such an end. 
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Since (1) obvious atelectasis is known to result almost inevitably in 
bronchial dilatation; (2) since there is ample evidence that atelectatic 
injury is frequent in bronchiectasis in the many cases where major 
or obvious atelectasis is not identified, and (3) since no other frequent 
or satisfactory explanation is forthcoming for the otherwise idiopathic 
cases of bronchiectasis, we conclude that pneumonia and atelectasis 
provide the most reasonable and probable explanation as yet available 
of this class of disease. 
One further thought should concern us before proceeding to the fol- 
lowing paper on the Classification of Chronic Nonspecific Pulmonary 
Disease, which will be founded in the main on this pathological concept. 
Throughout the present study we have concerned ourselves with the 
pathogenesis of proved bronchiectasis. Whatever the pathogenic origin 
of bronchiectasis may be, it does not follow that every lung that is ex- 
posed to this class of injury must suffer dilatation of the contained 
bronchi. There is a large group of people with chronic basal disease 
having the usual radiographic characters of bronchiectasis, but in which 
dilatations cannot be demonstrated by the use of iodized oil. This class 
of case may be supposed to have suffered the same form of injury which 
may produce bronchiectasis, but without actual bronchial dilatation 
having resulted. 
To follow the subsequent argument of this series of papers, it is essen- 
tial then to recognize that the pathogenesis of bronchiectasis as here 
described may be also the pathogenesis of chronic nonspecific basal dis- 
ease in which bronchiectasis is not present. The identification and } 
naming of this class of disease will be the subject of the following part : 
III of this series. 
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CHRONIC NONSPECIFIC PULMONARY DISEASE! 
III. Classification 
PAUL M. ANDRUS 


The multiple forms of chronic nonspecific’ pulmonary disease do not 
appear to be sufficiently described and differentiated by the nomen- 
clature in current use. So variously are the commonly used terms 
employed that separation into classes on this basis is close to meaning- 
less. The clinical pictures also are not sufficiently sharp to provide a 
satisfactory differentiation on this basis alone. 

In the preceding two papers of this series we have attempted a sepa- 
ration, into primary or essential elements, of the anatomical and patho- 
logical features of this class of disease, so far as this may be deduced 
from radiographs. We believe that this may provide a reasonable 
basis from which a more representative and informative classification of 
chronic nonspecific pulmonary disease may be evolved. 

It should be understood that all statements in this paper, if otherwise 
obscure, are based on material elaborated in the preceding two papers of 
the series. 


ANATOMICAL AND PATHOLOGICAL BASIS OF CLASSIFICATION 


Pulmonary injury may become radiographically visible because of 
hyperplastic reaction to irritation, or by reason of traumatic effects. 
This is the case for either respiratory tissue or conducting tubes. The 
relative visibility of these different factors however varies considerably. 
Sometimes they are subject to direct radiographic observation. Others 
can only be inferred because of concomitant changes. It is this inter- 
relation between observation and deduction that supplies the confusing 
element in the identification and classification of chronic: pulmonary 
disease, and which we here hope to unravel in some measure. 

These considerations then provide us with a series of types and loca- 
tions of injury, from which it may be possible to extract clinically repre- 


1 From the Mara Laboratories* at the Queen Alexandra Sanatorium, London, Ontario. 
2 Assisted by the National Research Council of Canada. 
3 Not specified or named, as tuberculosis, malignancy, occupational disease, etc. 
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sentative groups. This may be expected to incorporate every kind of 
chronic nonspecific lesion which may be observed or deduced from radio- 
graphic changes. The argument will therefore follow the headings of the 
following table: 


I. Bronchial Tube Disease 
A. Reactive injury (1) Mucous membrane reaction 
(2) Bronchial wall reaction 
B. Traumatic injury (1) Bronchial obstruction 
(2) Bronchial dilatation 


II. Air Cell Disease 

A. Reactive injury (1) Pneumonia 
(a) Inflammatory 
(b) Organized 

B. Traumatic injury (1) Pulmonary collapse 

(2) Pulmonary overexpansion 

(a) Diffuse 
(b) Localized 


I. BRONCHIAL TUBE DISEASE 


It was shown in the preceding papers of this series that bronchial tube 
disease may be anatomically of two kinds, that is, catarrhal when the 
involvement is chiefly confined to the mucous membrane layers, and 
mural when the walls are demonstrably involved; also that it may be 
possible to differentiate these types of injury by radiography. 


Mucous Membrane Reaction 


It is said that ‘“‘there ain’t no such animal as primary bronchitis,” 
that is, that the process is always a symptom of vascular disease, emphy- 
sema, bronchiectasis, etc. Nevertheless there exists, especially in north- 
ern climates, a large body of people with chronic cough and expectora- 
tion, in whom neither the immediate associations nor the ultimate fate 
reveal anything of the kind. This type of bronchitis, which we may 
term idiopathic, shows only a physiological range of changes with the 
passage of time, and is distinctly not a clinical forerunner of bronchiec- 
tasis, pneumonias, etc. 

Radiographically these people display no clearly abnormal shadows, 
and we have in the first paper of this series shown reason for the belief 
that this implies confinement of the inflammatory reaction to the mucous 
membrane layers, that is, an isolated catarrhal bronchitis. 

We may use the term “catarrhal bronchitis” then as number one class 
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of chronic nonspecific pulmonary disease, although the X-ray picture is 
a negative one. 


Bronchial Wall Reaction 


However there is a clinically similar group in which generalized in- 
crease in density of the pulmonary radiating markings is visible in the 
radiographs. We have previously shown evidence for the belief that 
the existence of such shadow indicates reactive changes in the bronchial 
walls themselves, as opposed to the negative picture of purely mucous 
membrane disease. This may then be usefully named mural bronchitis 
to distinguish it from the purely catarrhal form. 

This type of shadow is often accompanied by abnormal prominence of 
the transverse aorta. In this case, although the pathology is obscure, 
we may guess that the shadows are related to an arteriosclerotic process. 
Such shadow may also be associated with enlargement of the heart and 
circulatory insufficiency. When not thus related, however, generalized 
increase in density of the pulmonary linear markings has the following 
observed relationships as clues to their pathogenesis. 


(a) As previously shown they occur with high frequency in association with 
the bronchiectatic type of disease, that is, with chronic pneumonia, displace- 
ment of organs and ring shadows, whether or not bronchial dilatation is 
proved. 

(6) They may be observed to be the only residual abnormal shadow when the 
above type of disease resolves. 

(c) They are distinctly not a‘customary sequel or end result of X-ray-negative 
catarrhal bronchitis. 

(d) The studies of Robinson (1) on surgically removed bronchiectatic lobes 
have shown that severe mural inflammation, destruction and dilatation may 
coexist with normal mucous membrane and functioning cilia. It may be 
deduced from this that the infection probably passes from outside of the 
bronchial wall rather than from within the lumen of the tube; otherwise it is 
inconceivable that the cilia should remain normal and functioning. This 
makes an air-cell and pneumonic origin of the injury more probable than an 
intrabronchial one. 


All of these things suggest the probability that bronchial wall or 
mural reaction is in essence a postpneumonic type of injury, and not 
merely a stage of simple bronchitis. This agrees so perfectly with the 
observed clinical progress of both mucous membrane bronchitis and 
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pneumonic disease that we feel warranted in adopting the principle 
into our classification as a tentative truth. 

Since catarrhal and mural bronchitis are not apparently merely stages 
or phases of the same kind of thing, but have a quite different patho- 
logical origin and significance, we think that it is both wise and useful 
to distinguish and classify them when possible by differentiating names: 
catarrhal bronchitis (X-ray negative); mural bronchitis (vascular, 
infectious) (X-Ray positive). 


Traumatic Bronchial Injury 


Traumatic bronchial tube injury may consist of obstruction or of dila- 
tation or of both. Both of these are inferred rather than observed 
phenomena. 

Bronchial obstruction may be inferred in the presence of major atelec- 
tasis. Patchy atelectasis is presumably more apt to result from bronchi- 
olar than from bronchial obstruction. 

The diagnosis and classification of bronchial obstruction may thus be 
either “bronchial obstruction” or “atelectasis” or both. The majority 
will probably prefer to use the term atelectasis, this being the most con- 
spicuous and significant part of the picture. 

Bronchial dilatation, as before noted, is seldom directly visualized 
except when silhouetted by the aid of contrast media. 

Its presence should be suspected in the presence of isolated mural 
bronchitis of the infectious type, that is, when there are no clues to sug- 
gest a probable vascular origin. 

However, bronchiectasis is more apt to be suspected from the visuali- 
zation of pulmonary, than from primarily bronchial injury. Its nomen- 
clature and classification will thus be examined to better advantage in 
the following sections on respiratory tissue injury. 


II. AIR CELL DISEASE 


The identifiable effects of chronic air cell disease, as opposed to purely 
bronchial involvement, may, as before, be due to either inflammatory 
or traumatic changes. 


Inflammatory Air Cell Injury 


This is easily identified in the plain X-ray film as patchy consolidation 
commonly called bronchopneumonia. It may vary from a tiny patch 
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of consolidation in one base, to quite dense involvement of the lower 
two-thirds of both lung fields. The region of the apex of the heart is 
the single most common site for isolated patches. 

As in any other pneumonic disease, including tuberculosis, the shadows 
of chronic bronchopneumonia may be flocculent or “‘stringy”’ or both. 
From these the experienced observer is, within limits, justified in inter- 
pretirig a preponderance of inflammatory reaction or of organization 
respectively. 

A further variety is sometimes called interstitial pneumonia. This 
may consist of “‘wooliness” or ‘‘matting” along the course of.the trunks, 
most common medially at the bases. There is, of course, no precision in 
such a radiographic interpretation, and this class of shadow is in all 
probability the residue of a formerly more intense pneumonic injury. 
Our personal preference would be to discontinue this term in clinical 
radiography and substitute “suspect pneumonia” when such is the case. 

The term “‘unresolved pneumonia” is an “Irishism.”” All pneumonias 
are unresolved. When they have resolved they are no longer pneu- 
monias. The term chronic pneumonia covers the situation. 

At this point also it should be noted that, lacking evidence to the con- 
trary, we take it that probably all chronic pneumonia and chronic basal 
disease was originally acute pneumonia, that is, it is not within our 
knowledge that these conditions ever develop or spread insidiously, but 
seem to be always residues of more acute processes. From the frequency 
with which this class of disease is turned up by tuberculosis case-finding 
machinery, it seems probable that failure of complete resolution in acute 
pneumonia is of much more frequent occurrence than is generally sus- 
pected. 

Chronic bronchopneumonia or patchy pneumonia is then a term which 
must be included in any classification of chronic pulmonary disease. 
This may be subclassified as questionable or suspect; slight, moderate or 
intense; and as predominantly inflammatory, predominantly organized, 
or mixed, according to the needs of the situation. 


Traumatic Air Cell Injury 


This may become radiographically identifiable because of either 
shrinkage or overdistention of respiratory tissue. 

Pulmonary shrinkage: Shrinkage in lung volume may be due to ac- 
quired airlessness, which is atelectasis‘ as here defined, to contraction of 


4 By “atelectasis” throughout this series of papers we mean lung tissue shrinkage due to 
acquired relative airlessness. 
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scar tissue or be secondary to inward displacement of any of the peri- 
pulmonary walls. The latter most often results from mediastinal dis- 
placement due to air or fluid in the opposite hemithorax, or to elevation 
of a dome of the diaphragm. The reduction in volume under these 
latter circumstances is diffuse, and in no way complete. No very obvi- 
ous change in opacity results. Such a change is so secondary that it 
scarcely requires a place in a diagnostic classification. A relative in- 
crease in density and wooliness of the shadows of the pulmonary mark- 
ings, however, often results in the partially collapsed lung, which the 
uninitiated are apt to interpret as increase in disease. 

Relatively complete pulmonary shrinkage or atelectasis, resulting from 
acquired airlessness, may involve a whole lung, a lobe of a lung or a 
major section of a lobe. To the “atelectasis conscious” the identifica- 
tion of this is simple. In acute collapse it consists of a homogeneously 
high opacity over the area concerned. Shrinkage in volume is identified 
by inward displacement of a sharply defined free margin, and by gross 
to moderate retraction of adjacent organs. 

Atelectasis may however be patchy in distribution. In this case the 
local shadows are not to be distinguished from those of patchy broncho- 
pneumonia (with which they are in all probability usually combined), 
but collapse is suggested only by associated dislocation of organs. 

It has been shown in a preceding paper of this series that postpneu- 
monic lung shrinkage is much more apt to be due to atelectasis than to 
fibrosis, although conspicuous fibrotic reaction is very apt to follow such 
collapse. 

Collapse of visible major sections of lung, up to an entire lung, may 
then be designated and classified as ‘‘major atelectasis.” 

When atelectasis is inferred in bronchopneumonic disease because of 
dislocation of organs, this may be classed as probable “patchy atelec- 
tasis.” 

The significance of lung shrinkage as a sign-post of bronchiectasis is 
so great that we think this observation should as a class be carried with 
the diagnosis, irrespective of whether it is considered to be atelectatic 
or fibrotic in origin. Unless, however, the observer’s sales resistance has 
successfully parried the blows of the atelectatic school of thought, we 
believe that the habit of describing disease as “fibrotic” may be a 
pernicious one in that it unfocuses the thought from what we believe 
to be the essence of chronicity in pulmonary disease, namely, atelec- 
tasis. 

Pulmonary overexpansion: Overexpansion of respiratory tissue may 
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diffusely involve one or both lungs, or it may be localized to a part of a 
lung. The significance of the two is widely different. 

(a) Diffuse pulmonary overexpansion, or vesicular emphysema, must 
result as a compensatory mechanism, if the volume of the thoracic con- 
tents is reduced by localized shrinkage, or if the capacity of the thoracic 
cage is increased by outward displacement of the peripulmonary walls. 

Causative reduction in lung volume may be atelectatic, or due to 
shrinkage of scar tissue. 

Increase in thoracic capacity may be unilateral when the mediastinum 
is retracted to the opposite side, or bilateral if the thoracic walls and 
diaphragms move outward to a persistently pathological degree. Such 
outward displacement of the thoracic walls is usually taken to result 
from a persistently abnormal degree of inspiratory effort. This in turn 
presumably represents an attempt at compensation for chronic suboxy- 
genation, that is, is probably a vascular deterioration of some kind. 
The typical expression of this kind of injury is of course the deep or 
“barrel” chest with low position of the diaphragms and scanty respira- 
tory excursion. 

Diffuse emphysema may be identified radiographically by abnormal 
blackness and contrast of the pulmonary densities in terms of the tech- 
nique in use, and by abnormal elevation of the rib shadows. Such iden- 
tification is, however, in no way precise. The single most useful and 
sensitive clue to diffuse emphysema is the clinical appreciation of an 
abnormal anteroposterior dimension of the thorax. 

Diffuse emphysema is apt to result from almost any chronic pulmonary 
disease. Under these circumstances it may be classified as ‘secondary 
or compensatory” emphysema. 

The “barrel chest” however often develops in the elderly without 
obvious infectious pulmonitis. This is presumably a manifestation of 
vascular deterioration of some kind, and may be usefully distinguished 
as “primary emphysema.” 

We thus propose that the term “emphysema” be confined to the 
expression of diffuse pulmonary overexpansion. A further term will be 
later proposed to describe localized emphysema. 

(b) Localized pulmonary overdistention: When pulmonary atelectasis 
persists, that is, becomes chronic, multiple annular high lights are very 
apt to appear in the radiographs over this and adjacent regions. It has 
been shown previously that these ring shadows are probably due to 
localized traumatic emphysematous air-blebs. They must be clearly 
distinguished from generalized emphysema. 
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They are apt to consist of gross whorls or honeycombs of high-lights 
when collapse of an entire lung, or lobe of a lung, is present. With less 
massive or patchy collapse, the frequency, intensity and concentration of 
the ring shadows are less gross, though remaining a major clue to this 
class of disease. 

Satisfactory films, and a discrimination born of experience, are neces- 
sary to distinguish a physiological from a pathological degree of ring 
shadows. 

The significance of this localized air-cell dilatation is, however, entirely 
different from that which is usually implied by the term “emphysema.” 
The conclusion seems unavoidable that the infected region has been sub- 
jected to a severe dilating force, and that this has resulted in permanent 
traumatic overdistention. The frequency with which dilatation of 
bronchi is associated with this anatomical picture is the most conspicu- 
ous evidence of this. All known physical pathological and clinical asso- 
ciations distinctly point to infection and pulmonary atelectasis as the 
source of such localized pulmonary overexpansion (2). 

When traumatic and infectious basal disease is interpreted from the 
radiographs, however, bronchial dilatation may be gross, may be trivial, 
or may be absent as far as can be determined by the use of iodized oil. 
Whether or not bronchial dilatation has resulted from such traumatism 
may be presumed to be due to the sum of a series of “‘accidents”’ as to 
intensity and localization of the infectious softening, and of the dilating 
pull. 

Thus in practice there are many people who appear to have chronic 
infectious and traumatic basal disease which “looks like bronchiectasis,” 
but in whom bronchial dilatation is trivial or absent. The well-being 
and future of these people are, as a matter of fact, much more closely 
tied in with the amount of secondary disease than with the amount of 
bronchial dilatation. But unless such terms as chronic basal disease, 
unresolved pneumonia, bronchiectasis-suspect, and pneumonitis, etc. 
are regarded as sufficiently definitive, we have here a large class of dis- 
ease which has no current diagnostic appendage. Moreover, the fre- 
quency of this ‘‘forgotten man” is tremendously increased by the fact 
that only a small proportion of cases of this kind of injury are in practice 
studied with the aid of iodized oil. The majority must thus remain as 
bronchiectasis-suspect. 

We propose then that this class of disease should be named in the light 
of the best approach that can be made to the basic nature of the injury. 
When chronic infection and overdistention of the lung bases are inter- 
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preted from the radiographs, this may rationally be named pulmonary 
ectasia, or pulmonectasis. This constitutes a self-descriptive and mean- 
ingful naming of this general class of lung damage. 

Pulmonectasis may then be identified by ring shadows and displace- 
ment of organs in the radiographs, with or without visible atelectasis 
and chronic pneumonia. This may be subclassified as ‘“‘with suspect, 
probable or proved bronchiectasis” according to the circumstances. 

Whether or not bronchiectasis is present, and whether or not this is 
searched for by the aid of contrast media, the known and basic lesion is 
localized ectasia of lung tissue as a unit; that is, pulmonectasis. It is 
the variation and concealment in the proportions of tubular and air- 
cell disease which create the complexity and confusion of this anatomical 
pattern. 

Localized emphysema thus assumes a dramatically new and different 
significance from that which is popularly implied by the term ‘‘emphy- 
sema.” Unless differentiated by some such term as suggested here, this 
ubiquitous postpneumonic injury will continue to be submerged in the 
abyss of generalized emphysema. 

A summary of the classification of the various forms of chronic non- 
specific pulmonary disease as reviewed in the preceding sections is then 
contained in table 1. 

The inclusion of certain vascular processes in this classification of 
chronic pulmonary diseases is based on the concept that pulmonary 
and bronchial reactions are pulmonitis and bronchitis, irrespective of 
whether the irritant consists of bacteria, inhaled foreign material or 
insufficiency in the circulatory mechanism. 
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NONTUBERCULOUS SPONTANEOUS PNEUMOTHORAX’ 


L. S. YLVISAKER, C. E. KIESSLING AnD H. B. KIRKLAND 


The nontuberculous aetiology of the majority of cases of spontaneous pneu- 
mothorax has only within recent years come to be recognized. Standard 
textbooks of medicine have emphasized, almost up to the present time, that 
pulmonary tuberculosis stands first as an exciting cause of pneumothorax. 
Kjaergaard (1) pointed out, in 1932, that nearly all the previous literature con- 
cerning spontaneous pneumothorax in the apparently healthy consisted of 
reports of scattered single cases; his series of 51 cases was the first considerable 
group assembled, and this represented material from several sources collected 
over a period of twenty years. 

There can be little doubt that the great increase in the number of cases 
discovered is due primarily to the wide-spread diagnostic use of the X-ray. 
The transient nature of the subjective complaints in the majority of instances, 
together with rapid complete recovery and return to normal activity, have 
certainly led to failure to recognize the condition. Cases of spontaneous pneu- 
mothorax rarely require hospitalization, and it is, of course, in such institu- 
tions that the practice of investigating roentgenologically all questionable 
chest conditions is most prevalent. Routine X-ray films of large groups of 
individuals in the course of tuberculosis case-finding will only rarely detect a 
case. It is, perhaps, in large industrial organizations interesting themselves 
medically in even very minor complaints among their employees, that the most 
favorable opportunity for the diagnosis of pneumothorax exists. 

Relatively little attention has been directed to the almost conclusive elimi- 
nation of a tuberculous aetiology by the use of the tuberculin reaction. 
Olbrechts (2), whose 27 collected cases included 11 tuberculous patients, men- 
tions only 2 with negative skin tests. Kjaergaard (1) found 9 negative reac- 
tions out of 22 individuals tested, but serial observations were rarely made. 
Kopstein and Lenz (3) had 2 negative reactors among 6 cases. Of Leggett, 
Myers and Levene’s (4) 31 cases, not otherwise identified as tuberculous, 8 
had negative tuberculin tests. Case reports of Martin and Chevé (5) and 
Schick (6) mention negative dermal tests. Wilson (7) expresses the opinion 


1 From the Medical Department of the Prudential Insurance Company, Newark, New 
Jersey. 
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that negative reactions are present in about one-half of all cases classed as 
spontaneous, without other evident pulmonary pathology. 

Our material is drawn from among the employees of a large business organi- 
zation. We have encountered 17 cases of spontaneous pneumothorax, pre- 
dominantly in young individuals, over a five-year period, all of whom have 
been very carefully followed clinically, roentgenologically and by various 


TABLE 1 


n 


PNEUMOTHORAX TUBERCULIN 


6/26/34 
6/16/36 
12/14/36 
4/ 5/37 
7/ 1/38 
11/ 5/34 
9/ 9/36 
5/28/37 
3/ 2/38 
1/20/36 
6/24/37 
4/18/32 
6/19/34 
5/22/34 
1/31/36 
3/25/35 
3/20/36 
1/ 7/38 
5/ 9/35 
2/28/38 
10/18/35 
10/24/38 
10/27/38 
1/27/39 
4/27/39 
5/31/39 


Negative 


Negative 


Negative Chest film negative 1934 
Positive 


Applicant for employment 
Positive Small exudate right base 
Father died 1934—tuberculosis 
Positive Chest film negative 1934 
Negative Chest film negative 1934 


Positive 


Positive Chest film negative 1935 
Positive Chest film negative 1936 
Positive Chest film negative 1937 
Positive 

Negative 


laboratory procedures. None have manifested any stigmata of tuberculosis. 
Only one has a family history of this disease. None have relevant past histo- 
ries. Four have shown recurrences; one individual! has had five attacks, and 
another four, in each instance both sides being involved at least once. Of the 4 
recurrent cases, 3 have shown a persistently negative tuberculin reaction. Of 
the remaining 9 cases tested 2 are tuberculin-negative. Table 1 summarizes 
the salient features of our experience. Although no extensive control studies 
have been carried out, it is probable that the percentage of negative reactors 
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would apply to the large group from which our cases have been drawn, since 
this represents predominantly an urban population. 

Our data afford no information concerning the actual aetiology of spon- 
taneous pneumothorax. Only one case, number 3, shows X-ray evidence of 
what may be a ruptured pleural bleb, the factor regarded by many as causative 
of the condition. 


SUMMARY 


Seventeen cases of spontaneous pneumothorax are presented. The non- 
tuberculous origin of these is shown, emphasis being placed on the negative 
tuberculin reactions in several instances. Our experience confirms that of 
others, as outlined in a brief review of the relevant literature. 
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SULFANILAMIDE, ACETYLSULFANILAMIDE AND 
SULFAPYRIDINE' 


Their Effect on M. Tuberculosis Hominis in vitro 
RICHARD H. FOLLIS, JR. 


When sulfanilamide in sufficient quantities is administered orally to guinea 
pigs during experimental tuberculous infection with the human tubercle ba- 
cillus, the drug exerts an inhibitory effect on the course of the disease. This 
has been shown by several investigators (1, 2, 3, 4,5). Therefore, it seemed 
of interest to determine what effect, if any, sulfanilamide might have on the 
human tubercle bacillus iz vitro. In addition, we have studied the effect of 
acetylsulfanilamide (furnished through the courtesy of Dr. E. K. Marshall, 
Jr.) and sulfapyridine (furnished through the courtesy of Dr. D. F. Robertson, 
of Merck and Company). Because a large proportion of the sulfanilamide 
administered to guinea pigs is acetylated, it seemed possible that this combined 
form might play a rdéle in inhibiting the growth of tubercle bacilli im vivo. 
It was for this reason that an investigation of the action of acetylsulfanilamide 
in vitro was made. 

Since the completion of this study, a report has appeared by Ballon and 
Guernon (6) dealing with the im vitro effect of sulfanilamide on the tubercle 
bacillus. These investigators used a solid medium of nutrient egg agar con- 
taining gentian violet 1:30,000 to which various amounts of sulfanilamide 
had been added. It was found that concentrations of 1,000 mg. per cent and 
100 mg. per cent completely inhibited the growth of the organisms, while 
weaker concentrations had no appreciable effect. The size of the inoculum 
was also found to be an important factor in the resultant growth of bacilli. 
More recently a report has appeared by Feldman and Hinshaw (7) on the 
in vivo effect of sulfapyridine. These investigators found that this drug exerted 
an inhibitory effect on tuberculosis in guinea pigs infected with M. tuberculosis 
hominis. 

The tubercle bacillus used is a virulent strain of the human type; the same 
strain was employed in a previous study on the im vivo effect of sulfanilamide 
(1). The organisms were grown for seven weeks at approximately 37.5°C. 


1From the Department of Pathology and Bacteriology, Johns Hopkins University, 
Baltimore, Maryland. 
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on Proskauer and Beck’s synthetic medium? at a pH of 7.4. To flasks con- 
taining 200 cc. of the sterile medium at 100°C. varying quantities of the dry 
powdered drugs were added to make the desired concentrations of 10, 25, 
50, 75 and 100 mg. percent. When the three drugs were added to the medium 
the pH remained constant. From each flask containing 200 cc. of medium and 
drug, 25 cc. were transferred with sterile technique to 8 sterile flasks. These 
were incubated forty-eight hours. All proved to be uncontaminated. They 
were then inoculated with portions of the pellicle of a four weeks old culture. 
These pieces of the pellicle averaged about 6 mm. in diameter and were floated 
onto the surface of the medium. Eight flasks of medium containing no drug 
were also inoculated and served as controls. At the end of seven weeks all the 
flasks were autoclaved. The bacteria from each group of 8 flasks were then 
separated from the medium by filtration through weighed paper, dried in vacuo 
over sulphuric acid, and weighed. The weight obtained indicated the extent of 
growth that had occurred in each group of flasks. 


TABLE 1 
Weight of tubercle bacilli in grams after seven weeks’ growth 


CONCENTRATIONS 
OF DRUG IN MG. ACESTISULE- SULFAPYRIDINE CONTROL 


PER CENT 


1.120 


In table 1 is shown the total weight of dried bacilli in each group of 8 flasks 
at the varying concentrations of each drug used. 

From the figures in table 1, it is quite obvious that sulfapyridine exerts an 
appreciable inhibitory effect in concentrations of 50 mg. per cent, and at higher 
concentrations, as complete saturation of the medium is approached, no growth 
at all occurs. On the other hand, sulfanilamide and acetylsulfanilamide even 
in high concentrations have little or no effect in inhibiting the growth of the 
organism in the medium employed. ; 

This failure of sulfanilamide to have any bacteriostatic activity on the 
tubercle bacillus is in contrast to the results obtained by Ballon and Guernon 
(6). However, it is quite likely that the different medium which was used by 
these investigators may account for the dissimilarity in the results of the two 
experiments. Ballon and Guernon (6) employed a solid medium while the 


? This medium contains: asparagin 5 g., magnesium citrate 2.5 g., magnesium sulphate 
0.6 g., potassium acid phosphate 5 g., glycerin 20 cc. and water 1,000 cc. 


10 825 825 .840 — 
25 975 995 .930 
50 .930 .325 — 
75 .945 .620 0 — 
100 1.220 .830 0 — 
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medium used by us is a synthetic liquid one. Likewise differences in the 
strain of organism and the size of the inoculum doubtless alter the outcome of 
such in vitro studies. That such factors lead to marked discrepancies in in 
vitro observations on the streptococcus is a point which has recently been 
emphasized by Marshall (8) and by Long and Bliss (9), and it is not unreason- 
able to assume that the same holds true for the tubercle bacillus. We should 
also like to point out that the medium used by Ballon and Guernon (6) con- 
tained gentian violet, which they state has no bacteriostatic action in the 
concentration used. However, it may be that gentian violet has a synergistic 
effect on the observed bacteriostasis, although we know of no studies upon this 
point. 

It is of interest to comment on the failure of sulfanilamide in our hands to 
have any effect on the tubercle bacillus im vitro, although its efficacy on this 
identical strain im vivo has been clearly shown (1). In this isolated observation 
the tubercle bacillus appears to be unique, since we know of no studies in which, 
when sulfanilamide was effective upon an organism im vivo, it failed to exert 
some bacteriostatic effect in the test tube. What factor or factors are re- 
sponsible for this difference is a question which we cannot answer at the present 
time. Various possibilities come to mind, but none are satisfactory. We 
felt that sulfanilamide might be destroyed by the growing organisms, but this 
cannot be the case because the concentration of drug in the medium doesnot 
fall. We wish to emphasize, however, that we feel it is unwise to correlate the 
in vivo and in vitro effects of this drug until more of the latter studies have been 
made. 


SUMMARY 


Sulfanilamide and acetylsulfanilamide have no appreciable bacteriostatic 
effect on M. tuberculosis hominis grown on the medium described. It is sug- 
gested that this negative result in contrast to the positive one reported by 
Ballon and Guernon (6) may be due to the difference in medium employed. 
Sulfapyridine in concentrations of 50 mg. per cent or more on the same me- 
dium exerts a definite bacteriostasis on this organism. 
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CULTURE OF TUBERCLE BACILLI! 


The Early Demonstration of Tubercle Bacilli by Microscopic Examination of 
Smears from Cultures 


LELAND M. JOHNSTON? 


In attempting to demonstrate tubercle bacilli in the sputum the importance 
of making cultures or animal inoculations is well recognized. In a large 
sanatorium laboratory specimens will repeatedly prove negative for tubercle 
bacilli after examination of both direct and concentrated smear but will show 
colonies following thirty to sixty days incubation on a good egg medium. 
The great disadvantage of both the culture technique and animal inoculation 
is the valuable time wasted while awaiting the results. Meyer and Fitschen 
(1) in 1922 first called attention to a method for demonstrating tubercle bacilli 
earlier than is possible by ordinary cultures. Instead of waiting for the gross 
appearance of colonies, smears were made from the surface of the culture and 
these were examined microscopically. More recently Saenz (2), Kairies (3), 
and Meyer (4) have shown the value of this technique in the early demonstra- 
tion of tubercle bacilli in the spinal fluid, urine, stomach washings and in the 
sputum. The work reported here represents an attempt further to evaluate 
the practicability of microscopical examination of smears from cultures. 


MATERIAL AND METHOD 


The material examined was limited to sputum specimens which had failed 
to reveal tubercle bacilli on examination of the direct smear and concentrate. 
The specimens varied from collections of twenty-four hours to seven days. 
In preparing the cultures the sputum was treated with an equal amount of 3 
per cent hydrochloric acid (very mucoid sputum was treated with 3 per cent 
sodium hydroxide) and thoroughly mixed by shaking at intervals for fifteen 
minutes. This was followed by centrifugation for fifteen minutes. The super- 
natant fluid was decanted and the sediment neutralized and planted on tubes 
of Loewenstein’s or Petragagni’s media. Only one planted tube from each 
specimen was available for this study. Usually a culture planted on Loewen- 
stein’s medium was chosen. 

The culture was removed from the incubator on the tenth day and, with 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
? Bellevue Hospital, New York City. 
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sterile technique, a loopful of fluid from the bottom of the tube was placed on 
a slide (where no fluid was present distilled water was used). Then the loop 
was gently scraped over the entire surface of the slant using a series of longi- 
tudinal strokes from below upward. The material thus collected was smeared 
in the loopful of fluid already on the slide, and stained for tubercle bacilli. In 
almost every instance where tubercle bacilli were found they could be seen 
readily under low power magnification as minute granular clumps which oil 
immersion confirmed. Ina few instances scattered tubercle bacilli were found 
without clumping only after two or three minutes search. None of the smears 
were examined for more than five minutes. 

If tubercle bacilli could not be found on the tenth day, the cultures were 
again smeared on the twentieth day. If still negative they were smeared on the 
thirtieth day. No further smears were made. All cultures were examined 
twice weekly for grossly visible growth and all cultures were kept for three 
months before discarding. 


TABLE 1 


Cultures examined 
Cultures discarded because of contamination 


Cultures on which positive smear was demonstrated 
Cultures negative to smear but later grossly positive 
Cultures negative to smear and also negative grossly 


Total cultures in study 


RESULTS 


One of the major difficulties encountered in repeatedly opening the culture 
tubes was contamination of the surface with molds. In this study 267 cultures 
of sputum (see table 1) were examined, but 67 of these had to be discarded be- 
cause of contamination of more than one-third of the surface of the slant. 
About one-half of the remaining 200 cultures had some evidence of a small con- 
taminating growth (in almost every instance a fungus), which was not consid- 
ered sufficient to appreciably alter the growth of tubercle bacilli. Fifty-four 
of the 200 cultures were positive by the smear method. There were only two 
cultures which were negative on smears but later became grossly positive. 

Table 2 shows the time of demonstration of the 54 positive smears: 27.7 
per cent were positive on the tenth day; 46.3 per cent on the twentieth day; 
making a total of 74 per cent positive within twenty days. The remaining 26 
per cent were positive on the thirtieth day. 

Table 3 shows three typical cases giving the type of culture, the day on which 
a positive smear was found, the day on which the culture became grossly posi- 
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tive, and finally the days saved by smearing the culture and examining micro- 
scopically. The averages for all 54 cases are shown at the bottom of the table. 
The average time for demonstration of the positive smear was twenty days; 
the average for appearance of the first gross colony was 41.3 days; making the 
average saving of time per culture 21.3 days. 

As noted in table 1, 144 of the 200 cultures were negative both on smear 
and on gross examination. In every culture reported as negative, smears were 
made on the tenth, twentieth and thirtieth days and no gross growth had 
appeared at the end of three months. Jn only two cultures did gross 
colonies appear when tubercle bacilli had not been demonsirated by smears on 
the tenth, twentieth or thirtieth days. In one of these cultures there was only 


TABLE 2 
Time of demonstration of positive smears 


per cent 
15 cultures 27.7 
25 cultures 46.3 
14 cultures 26.0 


54 cultures 100 


TABLE 3 


TIME OF DEMON- 
TYPE OF SPECI- STRATION OF 
MEN CULTURED POSITIVE 
SPUTUM 


TIME OF DEMON- 
STRATION OF DAYS SAVED 
GROSS COLONIES 


10 days 36 days 26 
20 days 39 days 19 
30 days 55 days 25 


20 days | 41.3 days 21.3 


one small colony on the very edge of the medium which was obviously missed 
by the loop. The other was a culture the medium of which had become very 
soft so that the slant could not be properly covered with the loop. Thus the 
chances of error, that is, the chances of missing by microscopical examination 
a growth which later became grossly evident, were 2 in 56 cases or less than 
4 per cent. 


DISCUSSION 


There are three disadvantages associated with the smearing of cultures for 
early demonstration of tubercle bacilli. In the first place it is more time con- 
suming than examining cultures grossly. Second, and rarely, a slow-growing 
nonpathogenic acid-fast bacillus might incorrectly be called tubercle bacillus. 


10th day 
20th day 
30th day 
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This mistake can be checked by the cultural characteristics of the growth and, if 
necessary, by injection of guinea pigs. Third, and most important, every time 
the culture is opened there is an added chance of contamination. The large 
number of contaminations in this study can be explained partly on this basis 
and partly because all the work was done in an open laboratory without the 
benefit of a culture booth. The difficulty with contaminations would be 
materially lessened if several cultures from each specimen were available. In 
that case a given tube need be opened only once instead of three times. 

Because of the difficulties just noted the method of examining repeated 
smears from cultures is not recommended as a routine laboratory procedure but 
rather as a method which can be very helpful in cases where time is an impor- 
tant factor. In such cases a method which saves an average of 21.3 days and 
has less than 4 per cent chance of error may be of considerable value. 
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CASE-FINDING IN SCHOOLS AND UNIVERSITY! 
J. W. STRAYER 


During the past six years a tuberculosis survey? has been made of (/) all 
of the school children (public, rural and parochial) of Tippecanoe County, 
Indiana and (2) Purdue University freshmen. While the main purpose of these 
surveys has been to detect the reinfection type of tuberculosis, the method 
(tuberculin testing followed by X-ray) per se reveals the existing primary 
tuberculosis present in the section of the population tested. The technique 
has been changed from time to time in an effort to avoid the severe reactions 
and at the same time preserve its accuracy. In none of this work could time 
be found to retest negative reactors with stronger tuberculin. No cognizance 
therefore has been taken of those cases of primary tuberculosis that were 
insensitive to the dose used at any given time. 


PROCEDURE IN THE SCHOOLS 


For the first five years, 1933 to 1937 inclusive, the Pirquet test was used 


with OT.* In 1938-1939 the Mantoux test was employed with first strength 
PPD. Also in 1938-1939 only the seventh and eighth grades and the high 
schools were tested. X-ray films were taken of all positive reactors. Once 
a child reacts positively the test is not repeated but the record is kept and an 
X-ray taken the following year. 


PROCEDURE IN UNIVERSITY FRESHMEN 


The Pirquet test was used the first three years; the Mantoux test the last 
three years. As in the schools, X-ray films were taken of all reactors. 


RESULTS 


A total of 15,111 school children have been tested, ranging from five to 
nineteen years. In addition to this, 8,928 University freshmen have also been 


1 From the William Ross Sanatorium, Lafayette, Indiana. 

2 The school survey work is a project of the Tippecanoe County Tuberculosis Association, 
while the tuberculin testing of Purdue University freshmen is a part of the routine physical 
examination conducted by the Student Health Service on all incoming first year students. 
The author is indebted to Dr. S. J. Miller and Mr. Fred Willis of the Purdue University 
staff for their codperation in the preparation of this material. 

3 All of the Old Tuberculin used over the entire period was obtained from Mr. George 
C. Hulpritt of the Saranac Laboratory. 
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tested, making a total of 24,039. The percentage of infection for the various 
age groups may be noted in chart 1 which does not include the school year of 
1938, and which contains the University figures of 1936 and 1937 only. For 
the sake of accuracy, age groups containing less than 350 tested individuals 
were not used on this chart. The calculations are based on 12,623 school 
children from six to nineteen years (inclusive) and 3,479 University freshmen 
(total 16,102) whose ages were seventeen, eighteen, nineteen and twenty. 
Although 1 mg. OT and 0.1 mg. OT were used in the respective years of 1936 
and 1937, in the University group, it was felt that the difference (1.4 per cent) 
was not large enough to influence the accuracy of the curve; these years are 
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Cuart 1. Primary tuberculosis in 12,623 school children and 3,479 University freshmen 
as revealed by the tuberculin test. 


therefore combined. From the curve that these data make it would appear 
that the gradient is a fairly straight line until the fifteenth year at which time 
there is considerable acceleration of the rate of infection. 

It should be explained that the number 15,111 does not represent individ- 
uals but is an aggregate of tests applied over a six-year period. That is, one 
individual reacting negatively might be tested several times. Except for the 
new age group added each year and the group lost by graduation, those taking 
the test are for the most part the same section of the school population that 
took it the year before. The number of new reactors discovered each year is 
therefore small in relation to the back log of previously recorded cases. 
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Among the 17 city schools and 16 rural schools only one was exceptional. 
This was a rural school with a population of 75 pupils from five to nineteen 
years (inclusive). Of this number 50 per cent + have year after year reacted 
to tuberculin, while the general average for this age group is 14.4 per cent. 


COMPARISON OF DIFFERENT TECHNIQUES 
Below is recorded the results of testing in University students with OT, 
PPD first strength, and also the results of the Pirquet and Mantoux techniques. 


Per cent of Skin Four-plus Technique 
Year Tests Read Responses Reactors ‘ 


1933 600 20.50 ? OT, Pirquet 

1934 1,048 16.90 ? OT, Pirquet 

1935 1,318 14.9 ? OT, Pirquet 

1936 1,847 23.7 Approximately 40 OT, 1 mg., Mantoux 

1937 1,998 22.3 18 OT, 0.1 mg., Mantoux 

1938 2,117 16.5 12 PPD first strength, Mantoux 


Of all the methods used 1 mg. OT elicited the highest percentage of responses 
but there were also a large number of four-plus reactions. Many of these were 
deep sloughs that had to be dressed for more than a week. The 0.1 mg. dose 
proved to be nearly as effective as 1 mg., and produced less than half as many 
severe reactions. Throughout all of this work the OT has proved to be 
unquestionably uniform and potent. It would also appear from these results 
that the Pirquet technique is as satisfactory, from the point of reactions ob- 
tained, as the PPD. The accuracy of the 1933 figures is open to question as 
in that year approximately one-third of those tested did not return to have 
their tests read. Although in the one year it was used it appeared to be con- 
siderably inferior in potency to either strength of OT, the PPD, first dose, 
has much to recommend it, namely, convenience, lack of pain, small number 
of four-plus reactions and its stability when not dissolved. A trial of stronger 
doses is planned for the current year. 


THE X-RAY FILM 


A flat X-ray film is taken on every reactor. In the school survey paper films 
were used the first four years of the work as an economy measure, but they 
were only fairly satisfactory as numerous retakes were necessary on doubtful 
cases. The standard acetate film is now used throughout. 


DISCOVERY OF THE REINFECTION TYPE OF TUBERCULOSIS 


During the six-year program in the schools, 19 cases were found, all of which 


had sanatorium treatment. 
Four doubtful cases of primary tuberculosis which had been long contacts 
were also admitted, but all proved to be benign. 
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ANALYSIS OF CASES 
Recovered or 
: Number Pneumo- Expected to 
Diagnosis of Cases Dead thorax 


Pulmonary tuberculosis far advanced 1 
Pulmonary tuberculosis moderately advanced 
Pulmonary tuberculosis minimal 
Pleurisy with effusion 
4 

It is an interesting fact that the 4 far advanced cases were discovered the 
first year of the survey work. All of the 19 were between the ages of twelve 
and eighteen. Pneumothorax was recommended eight times or in 46 per cent, 
not counting the effusions. It was refused once and that patient is now mori- 
bund. Two far advanced cases receiving pneumothorax died. 

The same rural school noted above with the large number (50 per cent) of 
reactors was the source of 5 of these 19 cases. All of the school employees 
have been X-rayed during the past six years, but no source of infection was 
found within the school. 

Among the University freshmen, 16 were found oVer the six-year period with 
active lesions which needed treatment. None of these were local students 
and none were admitted to the sanatorium. It is assumed that the survey in 
the local schools has so far screened out the active cases before they reach the 
University. All of the 16 were dismissed from school with recommendations 
for treatment. In addition to the 16 active cases discovered there were several 
with inactive or healed lesions on which regular X-ray check-ups were made. 
No follow-up work has been done on the cases dismissed from school. 


SUMMARY 


1. Although dealing in moderately large figures the scope of this survey is 
necessarily narrow since all of those dealt with were between the ages of five 
to twenty; 95 per cent belonged to the white race and 95 per cent were resi- 
dents of Indiana. The ratio of boys to girls was 1:1 in the schools and 4:1 
among the University freshmen. It is apparent that the rate of increase tends 
to accelerate with age and that the curve representing the rate of infection is 
parabolic in character. The incidence of primary tuberculosis ranged from 6.1 
per cent at the age of six to 31.4 per cent at the age of twenty. 

2. Of the several techniques employed 1 mg. OT (Mantoux) was the most 
effective but only 1.4 per cent more so than 0.1 mg. of OT. For convenience, 
keeping qualities and for our purpose of detecting secondary tuberculosis the 
first strength of PPD was quite satisfactory, although 5.8 per cent less effective 
than 0.1 mg. OT in producing skin reactions. Because of this apparent low 
potency a trial of stronger intermediate doses will be made in the future. 

3. Thirty-five cases of the reinfection type of tuberculosis were found among 
24,035 people which is a ratio 3 to 2,000. No cases were found between the 
ages of five and eleven. 


BOOKS 


GEORGE GREGORY KAYNE, WALTER PAGEL AND LAURENCE O’SHAUGHNESSY: 
Pulmonary Tuberculosis. Pp. xvi + 565, with 259 figures, Oxford University 
Press, London, New York, Toronto, 1939, cloth. 


By MAX PINNER 


A textbook on Pulmonary Tuberculosis written in close codperation by a 
pathologist, a clinician and a surgeon is probably something of an innovation 
and certainly a great promise. And it may be said at the outset that the 
result is probably the most usable book on this subject in the English language. 
If the overcrowded curriculum of the medical student permitted, he should 
study this book; the practitioner wishing to find up-to-date information will 
find it here in concise and digestible form; and the phthisiologist can hardly 
afford not to have this volume in his library. 

Even a closely knit codperation leaves latitude for individual expression; 
this is manifested mainly by the different levels of thoroughness or rather 
profundity and consideration of detail that characterize the three main sections. 
It may be said that Doctor Pagel’s chapters on pathology are entirely suited for 
the purposes of a pathologist specifically interested in tuberculosis (this is 
true in a far lesser degree of his chapters on bacteriology and immunology). 
Doctor Kayne’s clinical chapters contain all the information that the general 
practitioner ought to receive and that the phthisiologist ought to possess. 
Doctor O’Shaughnessy’s portions on surgery in pulmonary tuberculosis are 
rather more stimulating to further reading than informative. But, then, 
it is difficult to see how surgical indications, technique and results can really 
be taught basically otherwise than by a treatise discussing fullest details 
at laborious length. 

This book is well adapted both to learning and to real studying, because 
it presents not only established facts but theories and tentative explanations, 
and it points out some of the unsolved problems as well. Well selected bibli- 
ographies are appended to each chapter. There are many illustrations, most 
of which are original, pertinent and complementary to the text; all reproduc- 
tions are excellently executed. 

On the critical side it should be noted that there is, at times, a certain 
tendency to dogmatism which might well be mitigated by fuller explanations 
and references. Some examples, which will arouse protest from many, are: 
“The cellular factor is not essential for the production of immunity in tubercu- 
losis.” (Page 49.) “If disseminated tuberculosis develops fully the isolated 
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bronchogenic form does not follow.” (Page 157.) “In staged operations it 
is usual to carry out the lower stage first.” (Page4i1.) ‘A complete thoraco- 
plasty would be the operation of choice in a young adult even when there was 
unequivocal evidence of a lower lobe free from disease...” (Page 417.) 
However, in regard to such statements, the authors’ remark from the preface 
is applicable, “Some of the dogmatism to be found in this volume will find 
justification if it provokes fruitful discussion.” 

It is a regrettable tradition in books on pulmonary tuberculosis, unfor- 
tunately not broken by this text, not to include a chapter on the physiology 
and the pathophysiology of respiration. 

Regrettably omitted, too, are the authors’ own results of medical and 
surgical treatment. Instead, they lean heavily on the statistics in Alexander’s 
recent book. 

Whatever errors of commission or omission that may be mentioned could 
easily be corrected in the next edition, for the plan and substance of this book 
are valid and sound, and it is hoped that it will find the broad circle of readers 
that it deserves in so full a measure. 


Silicosis and Asbestosis. Edited by A. J. Lanza. Contributors: A. J. Lanza, 
R. R. Sayers, Eugene P. Pendergrass, S. Roodhouse Gloyne, Leroy U. Gardner and 
E. L. Middleton. Pp. xxvi + 439, with 60 illustrations, Oxford University 
Press, New York, 1938, cloth, $4.25. 


By J. BURNS AMBERSON, JR. 


Following an introduction by the late Henry K. Pancoast, the contents of 
this book are arranged in six sections or chapters, each relating to a particular 
phase of the subject. The editor has made a most commendable choice of 
contributors, each of whom merits the distinction of being an authority because 
of his unique experience and serious study. 

The first chapter by R. R. Sayers and A. J. Lanza on the History of Silicosis 
and Asbestosis: sketches the background of the subject and gives a short 
account of investigations in various countries (the work of the French is not 
mentioned) of pneumoconiosis. Incidentally, the latter term is preferred to 
pneumonoconiosis or pneumonokoniosis. The same authors contribute the " 
second chapter on Etiology, Symptoms, Diagnosis of Silicosis and Asbestosis. 
The conditions under which the disease may be acquired are very well pre- 
sented. Clinical symptoms, signs and evolution are inadequately discussed; 
the distinction between silicosis and silicosis with infection is not usually as 
easy for the clinician as these paragraphs would seem to indicate. The 
importance of determining partial disability from the disease is stressed, but 
little is offered to the physician to guide him; recent work on physiological 
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tests to help determine the degree of functional impairment is not considered. 
The third chapter on roentgen-ray diagnosis by Eugene P. Pendergrass is 
one of outstanding completeness and excellence; it is logically arranged, 
leading from a consideration of normal anatomical structure through the 
gradual morphological changes engendered by the inhalation of siliceous dusts 
and by the infection which is often associated. While it is generally agreed 
that this infection is usually tuberculous, the influence of other bacterial 
invasions is greater than the chapters of this book imply; sometimes these 
are paramount. A little token of Pendergrass’s soundness, which is readily 
discovered in this chapter, is his caution against ‘“‘misinterpreting vascular 
shadows as fibrosis, and thereby imposing an unnecessary hardship on both 
the employee and the employer.’”’ Coming from a roentgenologist, this is 
something. With thirty-four well selected and reproduced illustrations he 
presents the pulmonary and pleural changes which any physician can study 
and understand. Pathology is described in a clear, intelligent and logical 
way by S. Roodhouse Gloyne. His illustrations are also informative. He, 
like the other authors, hesitates to accept “acute silicosis” as a proved con- 
dition and cautions against overlooking the part played by tuberculosis in 
cases claimed to be such. Leroy U. Gardner treats Experimental Pathology. 
Because of its utter thoroughness and objectivity, Gardner’s work has been 
relied upon to place a foundation of exactness under our understanding of 
pneumoconiosis, and his chapter fulfills this function admirably. He points 
toward some future revelations when he states that “it no longer seems reason- 
able to assume that the silica hazard is only proportional] to the amount of free 
silica in an atmospheric dust,” and then mentions the modifying influence of 
other mixed particles such as iron, gypsum, granite and metallic aluminum. 
In an expert manner, E. L. Middleton discusses Occupational, Preventive 
and Legislative Aspects as he views them in Great Britain, and A. L. Lanza 
the Public Health and Economic Aspects in the United States. The latter 
gives an interesting account of the evolution of compensation laws in this 
country. On the whole, the book is a very worthy and unusually authoritative 
production. 


S. Lyre Cummins: Primitive Tuberculosis. Pp. 213, London, John Bale 
Medical Publications Lid., 1939, cloth, 10/6 net. 


By MAX PINNER 


Against a broad background of ethnological and socio-economic conditions, 
Doctor Cummins describes in considerable detail the clinical, pathological 
and epidemiological aspects of tuberculosis as it affects primitive peoples. 
Although from a perusal of the table of contents one might guess that “primi- 
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tive” refers to populations whose cultural attainments have not reached the 
height or, more correctly, the type of European communities, or that it 
simply refers to all non-white races, it becomes clear in studying the book that 
“primitive” is really used to designate populations which, as a whole, have 
had but slight or only recent contact with tuberculosis, as compared with 
European and North American communities. The groups discussed vary 
considerably in the intensity and duration of their contact with tuberculosis. 
It is exactly this variety which brings out so clearly the fundamental recog- 
nition that tuberculosis, both as individual and as herd disease, is a product 
of ethnological and socio-economic factors and of the conditioning of human 
groups caused by the varying duration and density of the infection to which 
they are subjected. It is impossible to neglect any one of these determining 
factors for a full understanding. Witness, for example, the totally different 
course of the disease in African Negroes in their native villages and under 
conditions of mine labor on the Rand or of military service in France. 

It becomes obvious, possibly with some surprise, that the characteristic 
form of tuberculosis which we are want to see in the countries in which the 
bulk of tuberculosis literature is written, is not just “the tuberculosis,” “the 
normal or average tuberculosis,”’ but is a form of the disease which has slowly 
attained its present physiognomy by centuries of contact between population 
and bacillus, by a multiplicity of conditions inherent in our particular socio- 
economic order, by our living habits and the whole, largely undefined pattern 
of our life, and that it is different in essentials from the disease as it first 
affected mankind. 

Doctor Cummins has collected and clearly analyzed the large available 
material on the subject of tuberculosis in different, more or less primitive 
peoples. His clear and broad concept in addition to his first-hand knowledge 
have enabled him to write a fascinating and consistent story in spite of apparent 
discrepancies in the literature. He presents the material out of which one is 
tempted to reconstruct an archaeology of tuberculosis, meaning the develop- 
ment and the modifications of the disease from its first contact with humans 
to its aspects in present-day industrial white populations. Doctor Cummins 
wisely, but I should like to say unfortunately, refrained from definitely ex- 
plaining these developments, although he points the way and stimulates further 
thought and theorizing. It may probably be said, without fear of too much 
objection by Doctor Cummins, that, when tuberculosis first strikes a human 
race, its morbidity rate approximates its infection rate and its fatality rate 
does not lag far behind, particularly when—as usual—the advent of tuberculosis 
is only one factor in innovations causing profound maladjustments in the 
community. As far as the individual patient is concerned, such “primitive 
tuberculosis” is apt to be a grave, acute, frequently and rapidly fatal disease. 
Healing, even of the first infection, is relatively rare; hence asymptomatic 
infection and chronic cases are the exception. The disease tends to generalized 
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disseminations by which the lymphatic system is more involved than the 
lungs; disease localized to one organ system is rare. Its immunological char- 
acter: high allergy, low immunity. In contradistinction, “our tuberculosis,” 
while retaining a high infectivity (50 per cent tuberculin reactors), shows a low 
rate of morbidity (in the sense of clinical disease) with much tendency to 
complete or intermittent healing, exquisite chronicity and a vast preponder- 
ance of localizing lesions, this being in part a manifestation of relatively low 
allergy and high immunity. Coincidently the older age groups are more 
frequently affected than in “primitive” tuberculosis. The two extremes have 
hardly more in common than the causative agent. But the less “primitive 
tuberculosis” in Doctor Cummins’s sense, like that in the American Negro 
for example, provides many intermediary links between the two extremes. 

Doctor Cummins explains the changes in the characteristics of the disease 
essentially by two factors: the gradual weeding out by disease of the natively 
less resistant strains of humans, and the gradual development, hereditarily 
transmitted, of a more efficient immunity response in the survivors. 

The reviewer hopes to have made it clear that Doctor Cummins’s book is 
of deep interest far beyond the field of its specific subject: it should be required 
reading for anyone truly interested in the clinical, pathological or epidemi- 
ological aspects of tuberculosis. 


P. D’Arcy Hart AnD G. Paytinc Wricut: Tuberculosis and Social Con- 
ditions in England: with Special Reference to Young Adults. Pp. vit + 165, 
National Association for the Prevention of Tuberculosis, London, 1939, paper, 3s. 


By GEORGE WOLFF 


The present report deals with the problem of the unsatisfactory trends of 
respiratory tuberculosis among young adults, particularly young women. 
While the general death rate from pulmonary tuberculosis has been steadily 
declining, that for young people, aged fifteen to twenty-four, has been disap- 
pointing during the greater part of the present century. This set-back of a 
formerly satisfactory decline has been particularly evident among young 
women, whose death rate from pulmonary tuberculosis, per 100,000, fell 
from 276 to 112 in the thirty years between 1871-1880 and 1901-1903, but 
showed practically no further decline in the next thirty years, being 107 in 
1911-1913 and again in 1931-1933. The authors demonstrate, by several 
graphic and statistical methods, a correspondence between the course of the 
standard of living during the past ninety years and the course of pulmonary 
tuberculosis mortality. This relationship is particularly close for young 
adults. The authors, therefore, conclude that one factor in producing the 
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retardation in the decline of pulmonary tuberculosis mortality among young 
adults is the contemporaneous slowing in the improvement of the national 
standard of living. However, to explain the selective action of this factor 
upon young adults is difficult. They suggest that, at the formative period of 
adolescence, young men and women, more especially the latter, are particularly 
sensitive to social conditions with regard to tuberculosis. They believe this 
sensitiveness to be due possibly to the stress and strain arising from the 
environment of industry, together with the biological changes occurring 
during adolescence. ‘The authors conclude further, from various calculations 
in the English county boroughs, that among the social conditions overcrowd- 
ing played a particular part, or rather a check to the reduction in overcrowding 
that took place at the same time as the retardation in the decline of tubercu- 
losis mortality among young adults. Thus the percentage of persons living 
more than two per room was actually greater at the 1921 census than in 1911 
or in 1901. Another important social change was the marked rise, at the 
beginning of the century, in the employment of young women. On the other 
hand, the trend of internal migration of young women from the county bor- 
oughs with bad social conditions toward those with better conditions could 
not give a sufficient explanation of the phenomenon. 

The authors support their opinions in every chapter by a series of pains- 
taking calculations. However, their hypothesis, as well as similar opinions 
expressed by former investigators, as to the external causation of the phenome- 
non can hardly explain sufficiently the salient fact that the retardation in the 
decline of tuberculosis mortality has affected young women considerably more 
than young men, that this world-wide phenomenon was not only restricted to 
highly industrialized countries like England and the United States but was 
also observed in Norway and Denmark; finally the phenomenon has come to 
an end about one decade after the World War, without involving a new change 
in employment of young women. It seems to the reviewer that the authors 
in their valuable analysis have given too much attention to smaller differences 
in environmental conditions which perhaps have differently influenced dif- 
ferent ages and sexes; but they left entirely out of consideration the specific 
generative activity of young women, probably of greater importance in the 
development of tuberculosis and the possible explanation of the phenomenon. 
There was a striking change in the birth rate about the turn of the century. 
This birth decrease took place in almost every country of the western world 
and must have differently influenced the generative activity of females at 
different ages, affecting to a higher degree the fertility of women, aged twenty- 
five to forty-nine than the younger ages, fifteen to twenty-four. This hint 
may suffice in connection with the present book review; the relationship 
between birth decrease and tuberculosis epidemiology of females will be 
explained in greater detail in a special investigation concerning the data of 
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the United States which is going to be published. The authors close their 
monograph on England and Wales as follows: “The possible ending, about 
1933, of the retardation in the decline in phthisis mortality for young adults 
may possibly be attributed to an acceleration in the building of new houses, 
with its effect upon overcrowding.” It might be questioned if such a relatively 
small external change can really change the course of an epidemic like tubercu- 
losis. ‘There must probably be some more effective biological force connected 
with the greater decline in phthisis mortality of young women of late years. 


Marie LINDHARDT: The Statistics of Pulmonary Tuberculosis in Denmark 
1925-1934. Pp. 179, with many tables and graphs, Acta Tuberculosea Scan- 
dinavica Supplementum III, Ejnar Munksgaard, Copenhagen, 1939, paper. 


By GEORGE WOLFF 


This is an excellent study on the spread of tuberculosis in Denmark and worth 
reading for everyone who is concerned with epidemiological statistics. The 
survey has the particular advantage to deal not only with mortality but also 
with morbidity figures, because by a special legislation compulsory notifica- 
tion of pulmonary tuberculosis was introduced in Denmark in 1905. It is 
easier to carry through such a law in a small country like Denmark; however, 
the present investigation comprises 39,379 notifications of new cases in the 
decade 1925-1934, and 20,173 notifications of deaths from pulmonary tubercu- 
losis. Denmark has since long had about the lowest tuberculosis mortality 
among all European states. In 1925-1934 the total morbidity (from pul- 
monary tuberculosis) was 111 per 100,000, the total mortality 57 per 100,000 
population. Accordingly, the morbidity was about double that of the mor- 
tality. Of all the deaths together, the deaths from pulmonary tuberculosis 
represented 5.2 per cent. Both morbidity and mortality were highest among 
females; this is an observation different from that in most other countries and 
it may be connected with special female work in that predominantly agrarian 
state. It is worth while to investigate this striking point more closely and to 
compare it with corresponding results in other countries. The decrease of 
tuberculosis, however, was greater among females than among males; greatest 
in the age group fifteen to twenty-four, whereas it was greatest among males 
in the group of sixty-five years and over. Comparing the various parts of 
the country, males show the worst figures in the capital, Copenhagen; every- 
where else females have both the highest morbidity and mortality. As re- 
gards morbidity and mortality by age groups, for both males and females, the 
rates were highest in the group twenty to twenty-four years in the whole 
decade. But it was possible to make plain that there was for females a dis- 
placement of the maximum in the twenty to twenty-four group to the twenty- 
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five to twenty-nine group from one quinquennium to the other within the 
decade. Especially interesting is the chapter on duration and lethality. 
The average lifetime of lethal cases is 14.3 months for males, 12.9 for females, 
that is, average time between notification and death. The lethality has 
decreased most in the first year (the year of notification), only little in the 
second year, and not at all in the subsequent years. The material also shows 
that lethality (fatality) among those who have contracted pulmonary tubercu- 
losis has not decreased very much, in spite of the great general decline of 
tuberculosis mortality. Thus it may be deduced that consumptives now live 
relatively longer with their disease before they die of it. The summary 
lethality for the whole decade was 44.7 per cent for males, 45.8 for females, 
that is, the ratio of persons who died to those who were notified in the whole 
period of 1925-1934; the average observation time was three years for both 
sexes. As similar observations have been made in other countries and already 
caused much discussion, this chapter will probably find particular attention. 
There are further calculations about seasonal fluctuations and tuberculosis 
prevalence by occupation; morbidity and mortality figures among male 
bread-winners by age classes in main occupational groups are given; the like 
standardized rates in some small occupational groups, which also have com- 
parative value and will find interest. 


Cu. Bropy with 28 collaborators: Traité d’hélio- et d’actinologie, Vols. 1 and 
2. Pp. vitt + 1502, with 618 figures and 42 tables, Librairie Maloine, Paris, 
1938, paper, 440 fr. 


By AARON E. MARGULIS 


This encyclopedic work is the most extensive and ambitious treatise on 
helio- and actinotherapy yet to appear in any language. Its editor and 
guiding spirit is French, but its imposing list of contributors, drawn from 
high ranking continental scientists, makes it a truly international under- 
taking, a tribute to the amity and universality of science at a time when 
such demonstrations seem the only ray of hope in a jungle-world. 

Radiation therapy is a science in process of evolution. It has suffered much 
from nihilistic attitudes that follow exaggerated and unfounded claims. It 
nevertheless has apparently a large following of distinguished medical men 
who have faith that a proper evaluation by continued meticulous observations 
is desirable and worth while. The stated aim of this treatise is to present 
an inventory of the results of the past, establish the present status and modern 
trends and to indicate future lines of research. Thirty contributors, in ad- 
dition to the editor Doctor Brody, contribute detailed yet eminently practical 
discussions and expositions of historical, physical, chemical, biological, clinical, 
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climatological and therapeutical aspects of the subject. Of the contributors 
there may be mentioned as perhaps better known to American physicians, 
O. Bernhard, K. Huldschinsky, Axel Reyn, and A. Rollier. The work is in 
every sense a collaboration, well edited and integrated, rather than a series 
of monographs. Some sections represent the summation of contributions by 
as many as eight authors. 

To show the completeness of the presentation, a partial account of the 
contents follows. A historical account, of 128 pages, includes a discussion 
of the evolution of heliotherapy, the sun and folklore, a history of actino- 
therapy and of two famous institutions, that of Finsen and of Rollier. The 
physics of radiation is discussed in a section of 331 pages, including practical 
methods of measurements of radiant energy as well as theoretical considera- 
tions. Biological effects are discussed in 154 pages including considerations 
of pigment, endocrines, histological changes in the skin, etc. Other topics 
in the first volume are climatology, modalities and forms of helio- and actino- 
therapy, techniques, indications, and accidents of insolation. The second 
volume is entirely concerned with practical therapeutics. The possible 
therapeutic réles of radiation therapy are discussed in pediatrics, tuberculosis, 
dermatology, surgery, various medical conditions, syphilis, nervous and 
mental disorders, endocrinology, rheumatism, oto-rhino-laryngology, gynecol- 
ogy, opthalmology and stomatology. The use of artificial sources of radiation 
as well as sunlight is everywhere included. In summary, this work is an 
indispensable acquisition for all actively engaged in radiation therapeutics. 

This set of books is also a tribute to the economics and ingenuity of the 
great French presses. It is inexpensive yet it is printed on a high-grade 
glossy paper and the plates and illustrations are well executed. The linen 
bound copy does not seem very durable, but at slight extra cost it may be 
obtained in hard covers. A similar work printed in this country would be 
many times more expensive. 

There is a quite detailed table of contents, but not an index and this is a 
serious lack. 


CLARENCE A. MILts: Medical Climatology. Pp. vii + 300, with 90 figures, 
Charles C. Thomas, Spring field, 1939, cloth, $4.50. 


By GEORGE MILLES 


The author has presented a resumé of some aspects of the relationship of the 
climatologic environment to man. Special emphasis is placed on tempera- 
ture variations to which man is exposed as well as the problem of heat inter- 
change and its effects on metabolism. The subject is of vast importance and, 
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as an introduction, the book serves well in spite of a tendency to be dogmatic 
about controversial points, as in the mention of the adrenal cortex in its rela- 
tionship to vascular tone and combustion. A broader point of view to include 
a more detailed consideration of barometric pressure variations and the 
rapidity of meteorological change in its effect on the organism would have 
been of value to one newly exploring this field. 

The time of conception jis admittedly the most crucial in the development 
of the organism. In the discussion of this subject the reader is left rather 
confused by the frequent mention of the date of birth. 

The broad practical implications of this field make the book essential read- 
ing for the well informed physician. 


G. CanBy Rosrinson: The Patient as a Person. Pp. xiv + 423, New York, 
The Commonwealth Fund, 1939, cloth, $3.00. 


By AARON E. MARGULIS 


In every era each discipline of human endeavor performs its functions in 
certain patterns moulded by the evolution of its techniques and by the inertia 
of its concepts. There is oft concomitantly an awareness of defects of 
performance and trend, the seminulum from which germinates the outlook 


and methods of the succeeding period which is different in some fundamental 
aspect. This awareness seldom bursts de novo upon a single individual, but 
is shared by many. The transition from restive dissatisfaction to positive 
accomplishment then awaits the pioneers who have the capacity for initiating 
effective action. 

There is rather wide-spread apprehension of the eventual effectiveness of 
medical practice which is traveling the road of increasing fineness of focus 
upon minutiae and the “dis-integration” of the patient. That the whole is 
more than the sum of its parts is a dictum that is widely accepted but not 
always acted upon. It is a dictum that is particularly cogent in biology and 
medicine, yet as a goal it receives little more than lip service while the centre 
of gravity of medical practice moves in other directions. 

Doctor Robinson admits, in an introductory chapter, that in a busy life as 
practitioner of medicine in academic fields, as medical and hospital administra- 
tor, he retained an abiding dissatisfaction with contemporary actions toward 
the patient as an individual. But not until rather late in his career did he 
find himself in a position to do anything effective about it. However, for a 
period of at least one year that he tells us about, he organized a study of 174 
patients in the Johns Hopkins Hospital Clinics in which emphasis was placed 
on a study of the patient as an egocenter of his microcosmos rather than 
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merely as an organism exhibiting certain discernible deviations from the 
normal. This book is a presentation of the central argument, the methods 
and the observations. 

It was interesting to the reviewer to note that Doctor Robinson’s ideological 
point of departure revolves around a discussion of the concept of disease, for 
in another connection he was interested in the same semantical problem. 
Doctor Robinson chooses to define disease as structural or functional deviations 
from normal conditions which can be recognized by certain objective (diag- 
nostic) procedures. He defines illness as that state in which the patient 
cannot meet the requirements of life without pain and discomfort or handicap. 
It might be objected that etymologically disease means discomfort. However, 
Pareto has well pointed out that the correct réle of etymological investigation 
is to ascertain what the original users of the term had in mind, and not to 
ascertain the “true” nature and properties of the thing discussed. Our 
concept of disease has changed with medical evolution. It is oft more con- 
venient to redefine certain widely used words than to introduce new ones. 
The above definitions—giving disease the stable, objectively verifiable char- 
acter that is required—are helpful in attaining clarity of discourse and think- 
ing. The patient is primarily interested in his i//ness, and increasingly of late, 
Doctor Robinson says, the physician has been interested only in his disease. 
But disease is only one element of illness. Free and efficient living (“health”) 
is dependent upon the conditions under which a person lives as well as upon 
his physical state. Illness may be precipitated by extra burdens of life or 
work. Its character, duration and severity are dependent not alone upon 
the physical causes of these disturbances, but also upon the characteristics 
of the individual and upon the total situation of which he is the centre. Hence 
Doctor Robinson determined to study the illness of his patient rather than 
only his disease. 

The patients were therefore not only subjected to the usual clinic diagnostic 
routines, but by personal discussion in the clinic and in the home, with the 
patient and members of his family, an analysis was attempted of the entire 
external milieu in which the illness was precipitated. Careful and sympathetic 
attention was devoted to emotional and other psychological factors, and to 
sociological and economic considerations. Treatment involved an attempt 
to correct the most flagrant of maladjustments, as well as the indicated 
medical therapy. 

The data are presented in the form of case reports followed by an analysis of 
each. Separate chapters deal with patients with circulatory, respiratory and 
digestive symptoms; the diabetic, syphilitic, epileptic, the psychoneurotic; 
and a few examples of other miscellaneous conditions. 

The results of the year’s study convinced Doctor Robinson that the efforts 
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expended were fruitful in obtaining deeper insight into the causation of illness, 
in some instances avoidance of incorrect diagnosis and in general more effective 
therapeusis. 

The reviewer does not wish to attempt to analyze the truth-value of these 
results, for he is too prejudiced in the direction of acknowledging the cogency 
of Doctor Robinson’s point of view. Besides the matter will not be decided 
by a year’s efforts upon a handful of patients. The ideas expounded in this 
book are virtually acknowledged by tuberculosis workers, particularly those 
in public health fields, and they of all groups have most assiduously cultivated 
them in their plan of operation. The essence of the problem Doctor Robinson 
raises is operational and lies in search for effective methods by which these 
points of view can be retained and acted upon in our great complex medical 
clinics, and in effectively instilling them with conviction in our medical stu- 
dents, who in their first year of training dissect erstwhile patients, and in their 
subsequent exposure to a bewildering array of almost autonomous disciplines, 
practically never have the opportunity to view the whole organism and its 
environment again. ‘This book is then to be viewed, not as a discovery, or as 
an unique attempt, but as an attention deserving effort to preserve a previ- 
ously (perhaps somewhat unconsciously) used modus operandi in the under- 
standing and more rational treatment of ill persons within the framework of 
an ever increasingly complex specialistic medical technology. 


Wiiiam H. Oatway, Jr.: The Management of Tuberculosis in General Hos- 
pitals. Pp. 78, The American Hospital Association, Chicago, Illinois, 1939, 
cloth, $1.00. 


By J. MASUR 


This manual was prepared with the aid of seventy-five specialists for the 
formulation of hospital policy on the problem of caring for patients with known 
tuberculosis, of finding unrecognized tuberculous cases, of adequate protection 
of employees and the proper public health relationship with the community. 
Highly modern attitudes and methods are outlined for large and small hos- 
pitals. Procedures for the protection of all employees by a well organized 
personnel health service are well presented. The elaborate contagious disease 
technique recommended for the treatment of tuberculous patients is commend- 
able, but it seems difficult to believe that hospitals can possibly carry through 
this type of management effectively. The booklet warrants close attention 
of all who are interested in the administrative aspects of tuberculosis. 
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EpwarpD T. Devine: When Social Work Was Young. Pp. 163, New York, 
The Macmillan Company, 1939, cloth, $1.75. 


By BERNA RUDOVIC PINNER 


The nineties of the last century and the first decade of this saw organized 
charity changed into organized social work. This book deals mainly with 
these two decades; but it develops the background and is told from the point 
of view of a man who is keenly aware of the problems of the thirties. He gives 
a vivid picture of the optimism, idealism and devotion of the time when it 
seemed “that education is the ultimate cure for everything that needs to be 
cured.” 

Mr. Devine was the General Secretary of the Charity Organization Society 
for many years, and he describes his work and associates in detail; also the 
organization of work in tuberculosis, which began under the auspices of the 
same Society. The founding of the Survey, the development of education 
for social workers, disaster relief during the San Francisco earthquake are 
described with the same acuteness, candor and generosity. 

This book should enlarge the horizon of any social worker; it should also 
be useful to physicians whose work involves coéperation with social workers. 


Brief Comment 


JacosB SEGAL: Synopsis of Pulmonary Tuberculosis. Pp. xii + 150, with 39 
illustrations, Oxford University Press, New York, 1939, fabrikoid. 

“« _,. this small volume is no more than the title claims for it. It is intended 
to give, in a short reading period, a bird’s-eye view of the whole subject of 
pulmonary tuberculosis.” These words from the author’s preface indicate 
aim and limitation. Although the book runs to 150 pages, less than half of 
these are devoted to the text, so that indeed brevity and conciseness are the 
keystones of this essay. The information contained in this volume is essen- 
tially correct and reliable; it is too sketchy and, at times, too superficial for 
the need of the medical man; it is probably sufficient for many a practitioner 
to keep him tuberculosis-conscious; it will answer—as the author hopes—many 
questions asked by workers “‘whose contact with pulmonary tuberculosis is 
only occasional, and marginal to other activities.” 


Books Received 


O. H. Bucuer anp C. C. Horritn: Die Biologische Reaktion. Eine funk- 
tionelle Analyse und Synthese biometrischer Werte und deren praktische 
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Konsequenz. Pp. 263, with many illustrations and tables, Medizinischer 
Verlag Hans Huber, Bern, 1939, cloth, Fr. 42.80. 

OTTOKAR V. CuIARI: Die Bewertung des Réntgenbefundes bei der Kindlichen 
Tuberkulose. With foreword by Prof. Dr. Franz Hamburger. Pp. 44, 
with 25 illustrations, 1939, Ferdinand Enke Verlag, Stuttgart, paper, RM. 
4.80. 

S1GURD Cop: Studier over den Kavernose Lungetuberkuloses Prognose ved 
Konservativ Behandling. Pp. 203, with 44 figures and many tables, Ejnar 
Munksgaard, Kobenhavn, 1939, paper. 

ROBERT LEONARD BAART DE LA FAILLE: Onderzoek Naar de Resultaten der 
Tuberculosebehandeling in het Sanatorium “Bergen Bosch.” Pp. 143, with 
numerous charts and tables, N. V. Drukkerij P. den Boer, Utrecht, 1939, 
paper. 

J. Dissociation of Tubercle Bacilli. Investigations on 
the Mammalian Types Including BCG. Pp. 256, with 49 figures, Nyt 
Nordisk Forlag, Copenhagen and H. K. Lewis & Co., Ltd., London, 1939, 


paper. 
HumBERTO R. RucieERo: El soplo anforico en el neumotorax artificial. Pp. 
100, with 76 figures, Imprenta Aniceto Lépez, Buenos Aires, 1939, paper. 
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ERRATUM 


VoLUME XXXVII, JANuARY-JuNE, 1938 


An omission in the Index of Subjects and Authors, made at the time of paging the 
index, has just been discovered. The entries below should be inserted following page 731. 


Has tuberculosis treatment been effective? 
(editorial), 254 

Hernia of the lung, 39 

Hincks, CLARENCE M. The psychotherapy 
of rehabilitation of patients in tubercu- 
losis hospitals, 61 

HirscHBERG, NELL, AND ARNOLD, LLoyD. 
The effect of human tissue juices on 
tubercle bacilli, 598 

Hospitals, tuberculosis, Psychotherapy of 
rehabilitation of patients in, 61 

Howe, Joun S. Daily variations in the 
tuberculin reaction. 

1. The range of variation in tuberculous 
and control subjects, 264 
2. Relation to the vascular pressor epi- 
sode, 273 

Human tissue juices, Effect of, on tubercle 
bacilli, 598 

Hype, H. van See KALTREIDER, 

Notan L., e¢ al., 662 


Immunity tests, Statistical basis of errors 
in, 259 

Incidence of extrapulmonary primary tu- 

berculosis, 465 


Infection, pneumococcus, experimental, in 
tuberculous rabbits, Course of, 93 
——, Tuberculous, in Kingston, Jamaica, 
625 

——,——,, in Negro colleges, 549 

Influence of sunlight upon experimental 
tuberculosis, 448 

Intracutaneous reactions against antiserum 
in tuberculosis, 238 

—— tuberculin reaction associated with 
calcified intrathoracic lesions, 311 

Intrapleural fibrin bodies, 81 

—— pressure, Positive, as an aid to pneu- 
mothorax therapy, 542 

Intrathoracic lesions, calcified, Intracutane- 
ous tuberculin reaction associated with, 
311 


Jamaica, Kingston, Tuberculous infection 
in, 625 

——, Tuberculosis survey in, 560 

Joints, bones and, tuberculosis in, Roent- 
genographic features of, 31 

Joress, Mark H., anp Rosins, SAMUEL A. 

Intrapleural fibrin bodies, 81 
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THORACOPLASTY IN OLDER PATIENTS':? 


RICHARD H. OVERHOLT®* 


Thoracoplasty has been quite universally accepted as a standard form 
of treatment for certain patients suffering from pulmonary tuberculosis. 
The basic principles are well understood. There is little divergence of 
opinion in regard to suitable cases for surgery from the standpoint of 
character and location of lesion. Agreement is not so unified as to the 
age limits of applicability. During the developing years of the operation, 
it was thought that the age limits of twenty to forty years should be 
respected. Advances in thoracic surgical technique and a wider applica- 
tion of upper selective thoracoplasty have resulted in a definite extension 
of the upper age limit. 

In Hedblom’s report (1) on the results of thoracoplasty, 20 of 200 
patients were over forty years of age. Dolley (2) states that 41 of 120 
patients treated by thoracoplasty had passed that age. Alexander (3) 
has operated upon two patients, both fifty-two years of age, but states, 
“The operative risk is relatively great in patients in late middle age and 
old age because of impaired cardiorespiratory reserve and impaired 
general resiliency.”” He concludes, ‘“The best results are probably ob- 
tained between the ages of twenty and thirty-five.” Decker (4) reported 
on results of thoracoplasty in 17 patients between the ages of forty-one 
and fifty-four with an operative mortality in 5 (29 per cent), and a late 
mortality of 47 per cent, and probable eventual arrest of the disease in 
30 per cent. He warns that thoracoplasty should be utilized with greater 
precaution and hesitancy than in earlier groups. An editorial appearing 
in the Journal of the American Medical Association (5) called attention 
to the experience of Decker and sounded a warning to the effect that 
surgery should probably be restricted, rather than extended, when older 
patients were under consideration. 


1 Presented at the annual meeting of the American Sanatorium Association, Boston, Mas- 
sachusetts, June 26, 1939. 

2? From the New England Deaconess Hospital, Boston; The Corey Hill Hospital, Brook- 
line; the Norfolk, Essex, Bristol and Barnstable County Sanatoria, in Massachusetts; and 
the New Hampshire State Sanatorium, Glencliff, New Hampshire. 

31101 Beacon Street, Brookline, Massachusetts. 
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The conclusions of Alexander and Decker seemed at variance with 
our own experience. Immediate and late results obtained in older 
groups compare favorably with those obtained in the treatment of young 
adults. It is the purpose of this paper to point out the numerical im- 
portance of the older age group, to suggest why this group of patients 
should respond well to a permanent collapse procedure, and to report 
on the status of 162 patients, between the ages of forty and sixty-five, 
who were treated by thoracoplasty. 

The middle-aged or past middle-age patient, suffering with pulmo- 
nary tuberculosis, presents a greater problem to-day than ever before. 
The age of the tuberculous population is steadily increasing. A census 
was taken in six sanatoria in New England, totalling 1,213 beds, and it 
was found that 32 per cent (387 patients) were forty years of age or over, 
and 18 per cent were over fifty years of age. 


Decade of Life Number of Patients Per Cent 
0-9 
10-19 


Plunkett (6), in studies on case-finding, has found the greatest yield 
of new cases among older people (8.7 per cent per 100 new male patients 
over forty-five years, and 6.1 per cent for females over forty-five years). 
Drolet (7) has shown an increasing age at the time of recognition and 
an increasing age at the time of death. 


Average Age at Death 
Male Female 


Upstate New York 
Year 1925 34.1 
Year 1935 38.6 
New Jersey 
Year 1924 
Year 1934 
United States 
Year 1913 (Reg. Area) 
Year 1933, Entire 


These statistics all emphasize the numerical importance of the older 
age groups. Besides representing a third of the tuberculous population, 
other significant facts apply to this group. Patients of this age revolt 


20-29 399 32.8 
30-39 271 22.3 
40-49 173 14.3 
50-59 140 11.5 
60-69 56 4.6 
70 18 1.6 
Totals 1,213 100 | 
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against indefinitely prolonged periods of bed-rest. Many are wage 
earners, and have family responsibilities. A large proportion are parents 
or grandparents. Without active treatment, the incidence of self dis- 
charge from the sanatoria is high. Maintenance of isolation of open 
cases becomes a difficult problem. Many of the older patients have 
taken the cure upon previous occasions and with each breakdown 
the problem of management, both from a physical and mental stand- 
point, becomes more trying. 

Upon theoretical grounds, many older patients should respond favor- 
ably to treatment by a permanent form of collapse of the diseased por- 
tion of the lung. A good share of the ill effects of long-standing disease 
may be explained on a mechanical basis. Lack of resistance to the in- 
fection per se cannot be held responsible for the clinical condition of many 
of the older patients. It may be assumed that good resistance to the 
infection has developed, or the patient would never have reached the 
fifth, sixth or seventh decade of life. In spite of an apparently good re- 
sistance to the infection, the patient may be in a vulnerable stage. Me- 
chanical changes take place. The diseased lung becomes cavernous and 
fibrotic; the remaining healthy portion of lung, emphysematous and 
distorted in its position within the thorax; and the heart and medias- 
tinum, shifted in position. A condition exists in which the healthy lung 
is not capable of filling the bony thorax, or it is so adherent that it can- 
not shift its position and fill portions of the thorax previously occupied 
by diseased lung. Hence, cavities remain open, fibrous tissue is placed 
under undue stress and strain, and noninfected lung undergoes varying 
degrees of emphysematous change. This end state of the pathological 
process may, therefore, be explained in a large measure upon disturbed 
volumes and mechanics. It follows logically that a mechanical pro- 
cedure designed to correct these disturbances should meet with success. 
Thoracoplasty reconstructs the thorax and reduces its volume to that 
of the remaining healthy portions of lung. Fibrous tissue is relaxed, 
cavities close, and the thoracic viscera are permitted to return to their 
normal positions. An older patient, who has good resistance to the in- 
fection, and is suffering principally from these mechanical effects, should 
respond to thoracoplasty as well as, or better than, a younger individual, 
whose instability is due to lack of resistance to the infection. 


CONDITIONS OF CLINICAL STUDY 


The study comprises a series of 162 consecutive patients between the 
ages of forty and sixty-five years of age, treated by thoracoplasty. The 
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period of time during which the operations were performed extended 
from November, 1931 to May, 1939, and represents the total experience 
of the author. Patients operated upon in the early years of technical 
standardization are included. Patients presenting complications, such 
as mixed empyema, bronchopleural fistulae, tracheobronchial tubercu- 
losis, extrapulmonary lesions, et cetera, are included. This series repre- 
sents 24 per cent of all patients treated by thoracoplasty within this 
period. The percentage of old patients to young patients treated by 
thoracoplasty is not far below the estimated percentage of old to young 
patients who made up the sanatorium population during this time. 


PREOPERATIVE GROUPING 


The method of classifying patients as to type and extent of disease, 
and as to complicating factors, used previously (8) in reporting on results 
of thoracoplasty, has also been used in this study. 


Group 1: Unilateral, stationary disease (however extensive) 

Group 2: Bilateral, stationary disease with apparently healed contralateral 
lesion 

Group 3: Bilateral disease with contralateral active disease or cavities uncon- 
trolled or controlled by some form of collapse therapy at time of thoracoplasty 
Group 4: Unilateral disease with serious complication. Acute forms; cases 
with continuous fever; progressive infiltrative lesion (not enlarging cavity); 
empyema; extrapleural tuberculosis (gastrointestinal, renal, spinal, etc.—not 
larynx or otitis media); nontuberculous complications (heart disease, diabetes, 
etc.) 


There may be a combination of these groups. We have, therefore, 
broken down all patients into six groups, the additional groups being: 


Group 2-4: A group 2 classification as to distribution of disease, with a com- 
plication 
Group 3-4: A bilaterally active case with complications 


Group 1 and group 2 patients were considered fair to good risks for 
operation, and represent the type of patient who is quite universally 
accepted for thoracoplasty. The primary purpose of surgical interven- 
tion was to prolong life and to effect rehabilitation. The operation was 
not urgently indicated as a means of preventing an imminent death. 

Groups 3, 4 and the combinations of group 4 all represent patients 
whose lives were threatened, and in whom the risk of operation was 
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greater. Surgical interference was offered to these patients primarily 
as a life-saving measure, rehabilitation to be effected, if possible. 

In chart 1 the number of patients in the various groups is graphically 
shown. Fifty-four per cent of the patients were in the first two groups, 
and the remainder, 73 patients, had extensive or complicated disease. 
Thirty-six per cent had active bilateral disease. Fourteen of these pa- 


PREOPR GROUPING end OP MORTALITY 
162 Parients Berween +0 and 65 Yrs. or Ace 


16 


Grove TI 


Cart 1. Showing number of patients in various preoperative groups. 1—Unilateral 
stationary disease. 2—Bilateral stationary disease with apparently healed contralateral 
lung. 3—Bilateral disease with contralateral active disease or cavities uncontrolled or 
controlled by some form of collapse therapy at the time of thoracoplasty. 4—All patients 
with serious complicating factors, including subgroups 2-4 and 3-4 (see text). Early mor- 
tality shown in black. Groups 1 and 2—Rehabilitation primary. Groups 3 and 4—Life- 
saving primary. 


tients were being treated by partial pneumothorax of the contralateral 
lung, one by temporary phrenic paralysis, and 3 by bilateral thoraco- 
plasty. Two patients had progressive disease with a constantly elevated 
temperature preoperatively. Among the complicated groups 4, 2-4 and 
3-4, there were 10 patients with tuberculous empyema, 3 patients with 
mixed empyema and bronchopleural fistulae, and 2 patients with tuber- 
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culous tracheobronchitis. Eleven patients had extrapulmonary com- 
plications, such as diabetes, heart disease, and renal involvement. 


METHOD OF EVALUATING RESULTS 


The determination of the results of surgical treatment and the evalua- 
tion of the present status of living cases was done by the attending medi- 
cal staff where sanatorium treatment was given, or by the referring 
phthisiologist in the case of private patients. Follow-up data, at a 
sufficient period of time following operation to permit an evaluation of 
its effect upon the pulmonary process, have been obtained in all cases 
except one, and the majority of the patients are followed regularly in 
the out-patient departments of the various sanatoria. 

Mortality: In computing the operative mortality, all deaths which 
have occurred in the first three months following operation have been 
included, regardless of whether the death occurred in the surgical hospital 
or after discharge to home or sanatorium. Eleven patients died within 
the three months’ period (6 per cent patient mortality, 3 per cent opera- 
tive mortality). (See table 1.) This compares favorably with the rates 
for those under forty years of age, which have been 2.2 per cent patient 
mortality, and 1.03 per cent operative mortality. The probable cause 
of death is tabulated in table 2. No patient died primarily of cardiac 
failure, nor primarily of other degenerative diseases of advanced age. 
No patient died of respiratory insufficiency, per se. Three of the earlier 
cases had excessive postoperative paradoxical respiration, then evidence 
of pulmonary insufficiency appeared, and a terminal pneumonia de- 
veloped. This complication can be avoided by limiting the area de- 
costalized at one sitting. Two patients died as a result of wound sepsis. 
Material reduction has been made in the frequency of infection of 
wounds of thoracoplasty. Following the work of Wells (9) and Hart 
(10), the sterilization of operating room air by ultraviolet irradiation has 
resulted in a definite reduction in the incidence of infection. Overholt 
and Betts (11) found the incidence of superficial infections to be 2.17 
per cent, and deep infections 0.49 per cent in a series of 411 operations. 
There have been no deaths or impaired results as a consequence of a 
wound infection, when patients have been operated upon in an irradiated 
room. 

Six patients died after operation as a result of an extension of the 
tuberculous process within the lung. This has also been the principal 
cause of death in younger individuals. Postural drainage preopera- 
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TABLE 1 
Operative mortality 


NUMBER OF NUMBER OPERATIVE 
AGE GROUPS PATIENTS FER CERNE OPERATIONS MORTALITY 


17-39* 490 1,065 
40-49 119 ‘ 244 
50-59 39 ; 73 
60-65 7 


Totals, 40-65 162 324 


* Not included in totals. 


TABLE 2 
Details of operative deaths 


STAGE OF 
OPERATION 
PRECEDING 

DEATH 


PATIENT PROBABLE CAUSE OF DEATH 


PREOPERATIVE 
GROUP 

NUMBER OF RIBS 

SURVIVAL POST- 
OPERATIVE DAYS 


| | LUNG MOBILIZATION 


| 


Paradoxical respiration; short inter- 
val between stages 

Bronchogenic spread to contra- 
lateral lung; tuberculous pneu- 
monia 

Paradoxical respiration; pneumonia 

Bronchogenic spread to base and 
contralateral lung 

Spontaneous pneumothorax contra- 
lateral lung, controlled by con- 
stant suction, later spread of 
disease 

Preoperative large bronchopleural 
fistula and mixed empyema; 
external drainage; contralateral 
spread 
2nd Wound infection; pericarditis 

Revision Pneumonia 
4th Preoperative large bronchopleural 

fistula and mixed empyema; 

preoperative external drainage; 

contralateral spread 

10 . W. 49 1st Infected wound; spread of disease 

11 | F. K. 53 ist Paradoxical respiration; broncho- 

pneumonia 


* Cases in which less extensive surgery and technical improvements now used might 
have averted disaster. 
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tively, tracheal aspirations during operation, and postoperative broncho- 
scopic aspiration in ‘‘wet cases” have been effective in minimizing 
bronchogenic spread of disease. The avoidance of general anaesthesia 
by the substitution of regional or paravertebral novocaine block anaes- 
thesia, and maintenance of the cough reflex throughout the period of 
operation, increase the safety of the operation for patients in the des- 
perate risk groups. 


TABLE 3 
Late deaths due to other causes 


PULMONARY 
sage IVE STATUS CAUSE OF DEATH 
AT DEATH ‘i 


1 year 5 months | Arrested Cardiac 

1 year 10 months | Arrested Carcinoma of stomach 

1 year 3 months | Arrested Cardiac 

5 years Quiescent | Haemorrhage ‘from duodenal 
ulcer 

1 year 2 months | Improved | Cardiac 

1 year 4 months | Improved | Alcoholism 


TABLE 4 
Present status of all patients—grouped according to age 


40-49 YEARS 50-59 YEARS 60-65 YEARS 


35 
60 
15 
13 
Unimproved 2 
Recent or unfinished 14 
Not traced 

Late deaths 
Operative deaths 


cooocononN 


* Not included in totals. 


Late deaths: Twelve patients of the group of 153 patients surviving 
operation have since died. Six of these patients died of tuberculosis. 
The remaining 6 were improved, or their disease was arrested following 
operation, and death was due to other causes (see table 3). 

Present status of living cases: The present status of living cases is 
shown in tables 4, 5,6 and 7. In all of these tables the same symbols 


a PATIENT | AGE 
1 |j.G. 43 
2 L. S. 57 
3 |j.McG.| 47 
4 W. McD.) 43 
5 M. P. 54 
6 & 50 
| TOTALS 
16 | 52 
21 83 
3 18 
2 17 
3 5 
1 15 
0 1 
5 12 
4 | 11 


THORACOPLASTY 151 


have been used. For convenience, the groups of working patients are 
shown at the top of the tables. This figure is not included in the total 
figure, as all of the working patients are included in the apparently ar- 
rested group as well. 


124 BENEFITED 


90% of Comecereo 


PRESENT STATUS | 
AFTER THORACOPLASTY | 
PATIENTS 
BETWEEN 
40 and 65 YEARS of AGE 


52 


WoRKING 


| 
| 
| 
| 


23 NOT BENEFITED 


Cuart 2. Showing present status of patients, using totals from table 6. Corrections were 
made for six late deaths, which occurred from other causes in patients who had been benefited 
by thoracoplasty. Recent cases have not been included. 


In table 4, all cases are grouped according to the decade of life at the 
time of operation. Except for a slightly higher mortality in the group 
over fifty years of age, the older patients responded well, and 53 per 
cent of all those over fifty now have arrested disease with 40 per cent 
back at work. 
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Chart 2 shows the results of surgery on the entire group after correc- 
tions have been made for the late nontuberculous deaths. As was 
pointed out before, 6 of the late deaths occurred from other causes in 
patients who had been benefited by thoracoplasty. Therefore, 3 ar- 
rested, one quiescent and 2 improved cases have been added to these 
groups, and 6 cases subtracted from the group of late deaths in con- 
structing the chart. Operative deaths and late tuberculous deaths are 
grouped together. The 15 recent cases are excluded in summing up the 
. benefits of surgery, leaving a total of 147 (162 minus 15) patients. Those 
patients who were improved, quiescent or apparently arrested number 
124. Permanent collapse therapy was therefore beneficial in 90 per 
cent of 147 cases. 


TABLE 5 
Present status of all cases grouped according to preoperative classification 


GRCUP GROUP GROUP GROUP 
4 2-4 


Working* 
Apparently arrested 
Quiescent 

Improved 
Unimproved 

Recent or unfinished 
Not traced 

Late deaths 
Operative deaths 


Nore OOF NN W 
OF ONM > 


NS 


Totals 


* Not included in totals. 


The present status of the entire series grouped according to the pre- 
operative classification is shown in table 5. A chart (see chart 3) has 
been constructed from the figures of this table, after making corrections 
for the 6 nontuberculous deaths, and omitting recent cases. As would 
be expected, the greatest benefits are shown in groups 1 and 2, where 
100 per cent and 88 per cent of the patients were benefited. Efforts 
were justified, however, even in the poor risk groups, as 78 per cent of 
the patients with bilateral disease were helped. Also, 79 per cent of 
those patients presenting complicating factors were benefited by surgery. 

In table 6, the present status of the patients is grouped according to 
the duration of illness. Long-standing disease has been thought by 
some to be responsible for poor end results among older patients. Forty 


cRour czour | sorar 
7 29 10 52 
45 17 83 
7 5 18 
5 7 17 
0 0 5 
1 6 6 15 
1 0 0 1 
ptsaeieiaciieias 0 5 5 12 
0 5 3 11 
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100% 
BENEFITED 


BENEFIT ED 


1 29 
WORKING 


BENEFITS of THORACOPLASTY in 


146 COMPLETED CASES 


GROUPED ACCORDING TO 
PREOPERATIVE CLASSIFICATION 


78% 
BENEFIT ED 


BENEFITED 


Cart 3. Showing present status of patients grouped according to preoperative classification, 
using figures from table 7. Corrections were made for six nontuberculous late deaths. Recent cases 


have been omitted. 


TABLE 6 


Present status of all cases—grouped according to duration of symptoms prior to surgical treatment 


UNDER 1 YEAR 


2-5 YEARS 5-38 YEARS TOTALS 


Quiescent 

Improved 
Unimproved 

Recent or unfinished 
Not traced 

Late deaths 
Operative deaths 


13 52 
27 83 
18 
17 
5 
15 
1 
12 
11 


162 


* Not included in totals. 
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per cent of the patients were known to have had tuberculosis from five 
to thirty-eight years. The difference in operative mortality or in end 
results shown in the various groups is not significant. 

Table 7 summarizes the data concerning the present status of living 
cases (excluding recent ones) grouped according to the length of the 
postoperative period. 

The duration of the postoperative period is admittedly too short for a 
final report on late end results. It is possible, however, to appraise 
the response of patients to surgical therapy within a few months time. 
The figures in table 7, indicating a higher percentage of arrested cases 
among those followed for over eighteen months, may or may not be 
significant. Within the past two years, a higher percentage of bilateral 


TABLE 7t 
Present status of completed living cases—grouped according to duration of postoperative period 


MONTHS FOLLOWED 


18-36 


Working* 28 
Apparently arrested 39 
Quiescent 3 
Improved 2 
Unimproved 1 


45 


* Not included in totals. 
t Omitted from this table: dead (23), recent (15), and not followed (1), total 39. 


cases has been accepted, which tends to enlarge the improved and 
quiescent groups. Patients receiving contralateral pneumothorax never 
are classified as arrested until the lung is satisfactorily reéxpanded. 

The following tabulation gives the incidence of conversion of sputum. 


Total number patients 

Positive sputum before operation 

Converted positive to negative 108 (87%) 
Negative sputum before operation 9 
Converted negative to positive 1 (1.1%) 


Omitted: operative deaths (11), recent (15), and not followed (1)—total 27. 


Here again, we have accepted the records from the various sanatoria. 
In earlier cases, repeated negative smears were the only tests made 


6-18 37-90 | Totals 
12 52 
20 83 
1 18 
17 
2 5 
51 27 123 
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(87 patients in this series). During the past few years, repeated exami- 
nation after concentration and/or culture and/or guinea pig inoculation 
has been the final test (48 patients in this series). 


EXTENT OF SURGERY AND TECHNICAL CONSIDERATIONS 


The technique of thoracoplasty, as used in this series of cases, except 
for minor variations, has been the same as that described previously (12). 
A mobilization of the apex of the upper lobe is accomplished, if possible, 
at the first stage (modified Semb apicolysis). Previous study of localiz- 
ing roentgenograms and palpation of the lung itself aid in determining 
the location of cavities or disease, and an effort has been made to free 
the lung locally over this site. Mobilization, as a rule, is carried out in 
the vertebral gutter for a distance of one or two interspaces below the 
first unresected rib. On the mediastinal surface, if possible, the mobili- 
zation is carried out to the hilum. Anteriorly, the separation is carried 
down variable distances, usually to the second interspace. Great care 
is exercised in preserving periosteum and soft parts of the chest wall 
and in leaving these structures attached to the lung anteriorly and 
laterally to prevent reéxpansion and reélevation at some subsequent 
time. The plan for a long delay, four to eight weeks or longer, between 
the first and second stage has been adhered to in this series, except in a 
few cases operated upon early in the series. An attempt is made to 
carry out each procedure at the optimum time from the standpoint of 
the patient’s condition and after the necessity for, and the extent of, 
an additional stage has been definitely determined. Each subsequent 
stage is, in a sense, a revision, as regenerated osseous or scar tissue is 
excised if it interferes with the effectiveness of the final collapse. Further 
mobilization of the lung is carried out, if possible, at the time of the 
second operation. 

It was possible to mobilize the upper lobe at the time of the first 
stage costectomy in 99 of 127 cases. This supplementary procedure 
was adopted in January, 1935. Since that time, the frequency with 
which upper lobe mobilization has been carried out has been 78 per 
cent of the total. Three of the postoperative deaths occurred after 
the first stage with mobilization (3 per cent). 

The number of operations necessary to accomplish the results herein 
reported in the completed cases is shown in table 8. The average for 
the series was 2.2 stages. It is interesting to note that a single operation 
was sufficient in 31 patients, and in 63 of the patients (49 per cent) two 
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TABLE 8f 
Number of stages required in completed cases 


STAGES PATIENTS 


Total 302 stages 


Anteriors 


Revisions 


Average number of stages required 


* Three patients were treated by bilateral thoracoplasty. 
Tt Omitted from this table: operative deaths (11), late tuberculous deaths (6), recent (15), 
not followed (1), total 33. 
TABLE 9t 
Extent of costectomy 


NUMBER OF RIBS 
REMOVED THORACOPLASTIES PER CENT 


15* Partial thoracoplasty (7 
16 ribs or less) 73% 

6* 
25 
35* 
22 Complete thoracoplasty 
13 (8 ribs or more) 27% 


132 (129 patients) 100 


Number completed cases after January, 1936 91 
Subtotal scapulectomy 31 (34%) 


* Three patients had bilateral operations of 3-3, 3-5, and 5-7 rib combinations. 
+ Omitted from this table: operative deaths (11), late tuberculous deaths (6), recent (15), 
not followed (1)—total 33. : 


stages were sufficient. Sixteen anterior operations were done, which 
are also included in the number of stages which totalled 302. Seven 
patients required a revision. 

The extent of costectomy required in the completed cases is shown in 
table 9. Attention should be called to the large number of cases (24 per 
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2 63* 48.8 
3 23* 18 
4 9 7 
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7 1* a 
16 13 
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6 
7 
8 
9 or more | 


THORACOPLASTY 


cent) in which a limited costectomy of but three or four ribs was done. 
Excision of six ribs or less was sufficient for 47 per cent of the patients. 
Seven ribs or less has been considered a partial thoracoplasty, while 
eight or more has been considered complete. Seventy-three per cent 
of this series were, therefore, treated by partial thoracoplasty, a figure 
somewhat higher than that reported by Dolley, Jones and Paxton (13) 
in their survey of results of thoracoplasty from representative thoracic 
clinics. They collected 1,184 cases (from clinics other than ours) and 
reported that partial operations comprised 52 per cent of the total. 

During the past three years, a partial resection of the scapula has 
been carried out routinely whenever the plastic procedure upon the chest 
wall has resulted in a misfitting of the scapula within the defect. When 
the resection of six ribs was considered to be sufficient, and occasionally 
after seven ribs were resected, the lower portion of the scapula was 
removed. Holman (14) has emphasized the value of this procedure in 
increasing the degree of collapse. Overholt and Tubbs (15) pointed out 
the importance of this step in minimizing deformity and in improving 
shoulder function. Subtotal scapulectomy has been done in 31 instances 
in this series. 


SUMMARY AND CONCLUSIONS 


Treatment of older patients suffering from tuberculosis is becoming 


one of our major problems in the eradication of tuberculosis. The aver- 
age age of the sanatorium population has increased and a third of the 
patients are over forty years of age. Isolation of older patients is often 
difficult. Dissatisfaction with prolonged sanatorium existence induces 
many cases to leave the hospital against advice. Children and grand- 
children again become exposed to infection. 

Temporary forms of collapse (pneumothorax, phrenic nerve crushing, 
or extrapleural pneumothorax) are much much less apt to be successful 
in older patients than in younger individuals. The stage of the disease, 
the frequency of pleural symphysis, and the extent of the destructive 
process render temporary forms of collapse impossible, or injudicious for 
the majority of older patients. Fortunately, the permanent type of 
collapse provided by thoracoplasty does benefit patients in the older 
age groups. Such patients have developed resistance to the infection, 
but suffer more from the residual effects than from the toxic effects of 
the disease. The residual effects are, in large measure, mechanical in 
nature. Extensive destruction of pulmonary tissue has left the patient 
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Fics. 1-2 
Disease 


Fic. 1. Pre- and postoperative roentgenograms in the case of Mr. L. C., age 48. 
Finally, the patient becomes incapacitated on account 


Note diminished vertical diameter of 
A permanent reduction in the size of the right hemithorax 
Discharged September, 1937, as apparently 


known to be present for sixteen years. 
of repeated haemorrhages. Sputum was positive. 


“healthy” lung on right side. 
permitted contraction of right upper lobe. 
arrested. The patient returned to his occupation as a fire warden and has remained well since 


Fic. 1 
tg 
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with uninvolved portions of lung too small in volume to fill the thorax. 
A distorted and over-stretched fibrotic lung fails to withstand the stresses 
and strains placed upon it. Cavities remain open or reappear after 
temporary closure, inactive disease flares up, or tearing of scar tissue 
results in pulmonary haemorrhage. A carefully graded and selective 
thoracoplasty reduces the volume of the thoracic cage so that its volume 
is not excessive for the remaining healthy lung. The alteration in the 
position of the thoracic wall not only permits relaxation of fibrous tissue 
and cavity closure, but in many cases readjusts the position of the re- 
maining healthy lung and heart so that their ability to function is 
improved. 

A study of the condition of 162 patients, between the ages of forty 
and sixty-five, treated by thoracoplasty, has been made. The results 
may be summarized as follows: 

1. The operative, and early mortality (within the first three months) 
was 6.8 per cent. 

2. The late mortality, due to tuberculous disease, was 4 per cent. 

3. Permanent collapse benefited 84 per cent (completed cases followed 
six to ninety months). 


per cen 
(a) Apparently arrested 
(b) Quiescent . 
(c) Improved ... 


4. Fifty-two patients (35 per cent) had returned to work. 

5. Cases selected for operation included: (a) thirty per cent who had 
active bilateral disease; (b) fourteen per cent who presented compli- 
cations. 

6. Positive sputum was converted in 87 per cent of the patients. 

7. From a technical standpoint, the following conditions were reported: 


Fic. 2. Pre- and postoperative roentgenograms in the case of Mrs. E. H., age 58. The 
patient was incapacitated because of severe pulmonary haemorrhages. Upon three occa- 
sions within a five-year period, the patient was hospitalized for long periods of bed-rest 
treatment. Sputum negative on admission. Diagnosis—chronic pulmonary tuberculosis, 
pulmonary fibrosis, left upper lobe bronchiectasis. Note vertical diameter of each hemi- 
thorax. Single stage selective thoracoplasty and lung mobilization reduced the size of left 
hemithorax sufficiently to readjust for loss in pulmonary volume. Haemoptysis has not 
recurred with increased activity. Patient discharged as arrested in March, 1937, and has 
remained well since that time. 
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(a) In 99 patients, the operation was supplemented by lung mobilization. 
(b) The average number of stages was 2.1. 

(c) Thirty-one patients required but one operation. 

(d) Partial thoracoplasty, seven ribs or less, was sufficient for 97 patients. 


This experience suggests that patients who have reached the latter 
decades of life should not be denied the benefits of permanent collapse 
therapy upon the grounds of age alone. 


The author wishes to express his indebtedness to the medical staffs of the Norfolk, 
Essex, Bristol, and Barnstable County Sanatoria, and the New Hampshire State Sanato- 
rium, for their help in assembling data for this paper. 
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EXTRAPLEURAL PNEUMOTHORAX AND OLEOTHORAX?:? 


Their Management 


JOHN R. PAXTON, AMBROSE S. CHURCHILL anp JANE SKILLEN 


Extrapleural pneumothorax is one of the newest and most promising 
surgical procedures in the treatment of pulmonary tuberculosis (1). 
The failure of the repeated earlier attempts to attain this result (2) and 
the remarkable success of the followers of Graf (3) and Schmidt (4) 
emphasize the importance of technical factors in its performance. The 
specialized indications for the operation (5) and the surgical technique 
(6) of the operation may be found in the literature (7). The medical 
and surgical management of the patient following the operation, how- 
ever, plays a dominant réle in determining the final results. In view of 
the fact that the details of the after-care have been so generally dismissed 
with but a few cursory remarks (8), or are buried in the Continental 
literature (9), it seems advisable to present somewhat more fully the 
methods which have proved so successful in our experience with more 
than 50 patients during the past year at the Olive View Sanatorium. 
Most of our procedures have been adopted directly from the writings 
of Schmidt and his coworkers, but a number of modifications and ad- 
ditional observations have been made which have enhanced our con- 
fidence in the technique. 

Of course, the careful selection and preoperative preparation of the 
patient are of prime importance in insuring a smooth after-period. The 
meticulous performance of the operation, with attention to the details 
emphasized in the literature, especially the scrupulous following of 
the optimum plane below the endothoracic fascia (10), tight closure 
and light smooth anaesthesia are essential for the prevention of unwanted 
complications. The after-care itself should not be neglected. 


IMMEDIATE POSTOPERATIVE CARE 


The patient is lifted off the operating table and placed horizontally 
on his back in warm blankets in his own bed, which is brought to the 


1From the Surgical Department, Olive View Sanatorium, Olive View, California, Drs. 
Frank S. Dolley and John C. Jones, Visiting Thoracic Surgeons. 
2 With the aid of W. P. A. Project #465-03-3-613. 
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operating room for this purpose, and then wheeled immediately to his 
room. The foot of the bed is elevated six inches for six hours, a litre of 
10 per cent glucose given intravenously, and eight ounces of warm coffee 
administered as a retention enema. These prophylactic measures may 
sometimes be unnecessary but seem justified since no case has developed 
surgical shock. 

The blood pressure is taken at the termination of surgery and there- 
after when indicated. The patient’s pulse rate and temperature are 
taken and recorded upon his return to his room. The pulse rate is 
then taken every half hour and the temperature every three hours for 
the first twelve hours, and then three times daily for the first week or 
longer if fever persists. With a smooth convalescence, the patient is 
then placed on the regular twice-a-day temperature schedule. 

Oxygen is given by the Lombard nasal mask (11) for tachycardia or 
poor pulse quality. If the patient has any difficulty in raising sputum, 
carbon dioxide inhalations are given every four hours for the first twenty- 
four hours and then three times daily for the next three days. No mas- 
sive postoperative atelectasis has developed to date, nor has any differ- 
ence in pulse or temperature curves or expectoration been noted in the 
patients given these inhalations. 

These cases of extrapleural pneumothorax require much less post- 
operative sedation than thoracoplasty cases. Codeine sulphate 0.5 to 
1.0 grain hypodermically every three hours, supplemented by sodium 
luminal two grains as needed for rest, is usually sufficient. Pantopon 
3 grain is occasionally given. Seldom is there need for sedation after 
the second day. 

A matched donor is available during the first eight postoperative 
hours but it is rarely necessary to transfuse any of these patients during 
this period. 

Each surgical resident is trained in bronchoscopy and therefore this 
procedure is immediately available should it become indicated post- 
operatively (12). Up to the present time there has been no necessity 
for postoperative bronchial aspiration. 

The original light dry gauze surgical dressing is changed only if soaked 
through with serosanguineous drainage. Routinely the sutures are 
removed on the seventh day. 


INITIAL POSTOPERATIVE REFILL 


The initial postoperative pneumothorax refill is usually given at 
the end of twenty-four hours. Occasionally it is given on closure of 
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the wound or some time during the course of the first day of operation. 
This is done only in cases where the lung expands and contracts freely 
on respiration and can be seen at the time of surgery nearly to refill the 
extrapleural pocket on inspiration. 

Twenty-four hours postoperatively the patient is taken in his bed to 
the fluoroscopy room, and with the fluoroscope in the vertical position 
the bed is placed against it. The patient is then assisted to the sitting 
position with his back to the table. Fluoroscopic examination of the 
chest then reveals the extent of the pocket, its location, the amount of 
fluid present, the position of the mediastinum, changes in the contra- 
lateral lung and the site of election for the initial refill. With a slight 
rotation of the patient any tendency for the lung to creep out either 
anteriorly or posteriorly may be detected. The patient, still in bed, 
is then moved to the adjoining pneumothorax room and the refill is 
given with the patient lying flat. The puncture is made in the second 
anterior intercostal space between the midclavicular and anterior axillary 
line, unless fluoroscopy has contraindicated it. In that case the refill 
is then made in the third or fourth posterior intercostal space three- 
fourths of an inch lateral to the incision. The skin is prepared with 
tincture of metaphen. A sterile pneumothorax sheet is placed over the 
area for the injection. The operator has scrubbed for ten minutes 
in running water and soap, washed his hands in 70 per cent alcohol, 
dried them on a sterile towel and put on a sterile gown and gloves (13). 
An intracutaneous wheal is then made at the site of injection with one 
per cent procaine, using a number 25 gauge 3 inch hypodermic needle 
on a 2 cc. Luer syringe. This small needle is then replaced with an 
eighteen gauge two and one-half inch beveled needle. This is inserted 
slowly through the wheal with the needle at right angles to the chest. 
The subcutaneous tissue and intercostal muscles are slowly infiltrated 
with one per cent procaine as the needle is inserted. About one cc. of 
procaine is used. The depth of the puncture necessary to reach the 
extrapleural pocket is dependent upon two factors: first, the thickness 
and obesity of the chest wall and, second, the location of the puncture 
site. Punctures through the posterior intercostal spaces require greater 
depth than through the anterior interspaces in the same patient. This 
depth varies from one-half to three inches. 

The recognition of a successful entrance into the extrapleural pocket 
may be determined by any one or all of four criteria. First, there is 
the give or feel of the needle as it enters the pocket. This is similar to 
the feel of successful intrapleural or intraspinal puncture, although with 


166 PAXTON, CHURCHILL AND SKILLEN 


the initial puncture this is not as accurate as with an established pocket. 
Second, after successful entrance there is no sense of resistance of the 
needle. Third, fluid or air may be aspirated easily. Fourth, the ma- 
nometer readings are characteristic. The initial puncture usually regis- 
ters a typical intrapulmonary reading of +4 —4 cc. of water. This may 
vary as occasionally fluid will enter the needle and no readings are ob- 
tained. After the pocket has been successfully entered a 30 cc. Luer 
syringe is attached to the needle and as much fluid as possible is aspirated. 
The fluid is a thin serosanguineous exudate and the quantity aspirated 
varies from 50 to 200 cc. No attempt is made to remove all of the 
fluid at the initial insufflation. This may be accomplished later with 
greater ease and less trauma to the patient after the pocket is well estab- 
lished. The syringe is now removed and the tubing of the high pressure 
pneumothorax apparatus is attached. A reading is taken and, if satis- 
factory, air is then given slowly. Twenty-five to 50 cc. of air are given 
and a reading is taken, and, if the pressure is still negative, additional 
air is given until the patient complains of a sense of fulness in the chest. 
Our initial insufflation averages 120 cc. This usually requires a pressure 
of 26 to 30 cm. of water. The needle is then rapidly removed, a two 
inch square of sterile gauze is then placed over the puncture site, and a 


three pound shot-bag is placed over the sterile gauze. This has decreased 
the incidence of subcutaneous emphysema. The shot-bag is kept in 
place for two hours and then removed. ‘The patient is returned to his 
room and not fluoroscoped until the following day just preceding his 
second refill. 


REFILLS 


Following the initial introduction of air, the patient is fluoroscoped 
daily for the first week and is given one to four refills during this time. 
The average for the series was three. During the next three weeks the 
patient usually requires a refill every four to five days. Following this 
he is usually placed on a seven day schedule. In rare instances it has 
been necessary to continue on five day intervals. The average amount 
of air given is 80 cc. but the refills have varied from 25 to 184 cc. 

During the first four to six weeks postoperatively, there is usually a 
progressive increase in the size of the pocket, with a coincidental pro- 
gressive rise in final pressure readings. The average final pressure 
maintenance level after three weeks is from 46 to 56 cm. of water. 

Any case showing a suggestive diminution in size of pocket fluoro- 
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scopically should have frequent X-ray films. If the pocket contracts 
to a point where it is feared further expansion of the lung will be ac- 
companied by reopening of the cavity, the patient should be placed on 
a twice-a-week refill schedule, and, if the pocket shows no tendency to 
increase, oleothorax should be started at once. In two cases with 
threatened loss of space, the pocket has been satisfactorily enlarged on 
semiweekly refills. Nine others, however, have required conversion to 
oleothorax to maintain an adequate collapse. This has been styled anti- 
symphyseal oleothorax by Schmidt whose technique we have followed. 
We employ a mixture of 2.5 per cent gomenol with 10 per cent lipiodol 
in olive oil. Seven to 10 cc. of this mixture are given at the first installa- 
tion, and if there is no unfavorable clinical reaction additional oil refills 
are given every five days in larger amounts until the pocket is filled 
with oil. 


COMPLICATIONS 


Complications are divided into two groups, early and late. Early 
complications are: haemorrhage, extensive subcutaneous emphysema, 
wound infection, surgical shock, air embolism, parenchymal and pleural 
involvement, extrapleural cutaneous or bronchial extrapleural fistula. 
The latter four complications may also occur as late complications along 
with extrapleural fibrin bodies and contraction of the pocket. 

Haemorrhage: Careful operative technique should eliminate the 
possibility of postoperative wound or extrapleural massive haemorrhage. 
A moderate degree of haemorrhage into the extrapleural pocket has 
occurred in a very few cases at Olive View. Classical symptoms of 
internal bleeding should be watched for and the patient transfused 
immediately even before the confirmation of the occurrence of haemor- 
rhage is made either by fluoroscopy or aspiration. If necessary, im- 
mediate reoperation should be considered to control threatened lethal 
bleeding. This measure has not been necessary in the Olive View group. 
One case, however, required transfusion for moderate bleeding into 
her extrapleural pocket. 

Emphysema: Massive subcutaneous emphysema may be thought of 
as any subcutaneous collection of air that extends above the level of 
the occiput or to the flank. It may be due to an acute loss of pocket 
either by lung expansion or displacement by serum or to a possible extra- 
pleural parenchymal communication. Though a high percentage of 
the Olive View patients had small localized collections of air in the 


4 
in 
+ 
a 
Bu 
| 
| 


168 PAXTON, CHURCHILL AND SKILLEN 


tissues, and two cases have had very moderate diffuse subcutaneous 
emphysema, there has been no loss of extrapleural pockets as a result of 
subcutaneous leakage of the extrapleural air. 

Infection: Infections of the wound or chest wall tissues are apt to 
be more dangerous in connection with an extrapleural pneumothorax 
than following ordinary thoracoplasty or rib resections. This is due 
to spread of the infection into the extrapleural space, producing an 
extrapleural empyema or threatening the loss of the pocket through 
external disruption of the wound. It was not until late in our series 
of cases that we encountered our first and only experience with this 
complication, which fortunately healed without interfering with main- 
tenance of collapse. This complication is frequently referred to in the 
Continental literature (14). 

Shock: The aetiology, incidence, prophylaxis and treatment of surgical 
shock as a possible complication of extrapleural pneumothorax has been 
discussed already in connection with the immediate postoperative care. 

Embolism: One would expect the incidence of operative or early air 
embolism in extrapleural pneumothorax to be greater than in other 
major operations, with the possible exceptions of pulmonary amputations 
and the Semb thoracoplasty. This should be true, first, because of the 
anatomy of the lung and the adjacent structures, and, second, because 
of the operative necessity of peeling the lung from the chest wall and the 
mediastinum by blunt, rather than sharp, dissection. However, no 
early air embolism has occurred in the Olive View series as yet. 

Late air embolism, or embolism occurring during the course of refills, 
has not been emphasized in the literature to date. On an attempted 
aspiration of an extrapleural effusion in one of our patients, ten weeks 
after operation, we experienced what we considered a cerebral air embolus 
even though retinoscopy forty-eight hours after its occurrence failed 
to confirm thisimpression. This patient had blurring of vision for forty- 
eight hours after a transient generalized convulsive collapse. A second 
patient had a transitory collapse following a refill twelve months after 
his initial inflation. He had no convulsions, headache, or loss of vision. 
The importance of careful fluoroscopic study of these patients before 
each refill cannot be overemphasized. We also have had to be rather 
liberal in our employment of lateral and oblique Bucky X-ray films in 
the localization of the optimum site for extrapleural pocket puncture (15). 

Parenchymal complications: Parenchymal complications, which may 
occur either early or late, are atelectasis, tuberculous infiltrations and 
bronchial or lobar pneumonia. 
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Pleural complications: Pleural complications may occur in the homo- 
lateral or the contralateral lung. These are intrapleural pneumothorax 
and effusions. They may result from operative trauma or because of 
activation of dormant lesions. Since even the presence of active contra- 
lateral disease in some cases allows extrapleural pneumothorax, there- 
fore contralateral pleural or parenchymal complications might be more 
frequently anticipated. We had one contralateral spontaneous pneumo- 
thorax in a previously established intrapleural pneumothorax space. 

Extrapleural cutaneous fistula: In the early operative technique of 
Graf (16), in which a catheter was left in the extrapleural space, the 
incidence of early extrapleural cutaneous fistulae was high; however, 
with the present technique of most operators in which the wound is 
closed tightly, the incidence of this complication is low. 

Bronchopleural fistula: Several authors have mentioned the occasional 
occurrence of bronchial extrapleural fistula as a usually fatal complica- 
tion (17). In our series of 50 cases at Olive View, we have not experi- 
enced any such complication. The fact that no rupture of an extra- 
pleural oleothorax into a bronchus has yet occurred, suggests that 
extrapleural oleothorax may be safer than the intrapleural form. 

Fibrin bodies: Fibrin bodies in the extrapleural pocket have already 
been mentioned under the discussion of postoperative posture. We 
have had one large fibrin body in one of our bilateral cases that has been 
interesting in that, though persistent over a period of seven months, 
serial X-ray films have shown its gradual diminution in size. 

Effusions: The most frequent late complication in our experience 
has been the occurrence of effusions in the extrapleural pocket. In 
thirty per cent of the cases fluid has developed. The time of onset of 
fluid has varied from the thirty-fifth to the one hundred and twenty- 
fourth postoperative day in these 15 cases. The onset has been char- 
acterized almost invariably by malaise, generalized aches and pains 
and low-grade pyrexia. The duration of these symptoms has varied 
from three days to three weeks. In 10 of these patients, the fluid finally 
became purulent; and in 8 out of these 10, tubercle bacilli were found. 
The pus in one of the cases was sterile in culture, and in the remaining 
empyema case a gram positive bacillus resembling B. subtilis was found. 
All of these empyema cases are now under control, 3 having disappeared 
following repeated aspiration and saline irrigation, and 7 having been 
aspirated and then filled with gomenol in olive oil. Of the 5 patients 
with fluid who did not develop empyema, the fluid disappeared in one 
before a diagnostic tap was made (duration three weeks) and the re- 
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maining 4 were negative in smear and culture. Incidentally, these 4 
rather suddenly developed marked contraction of pocket and required 
conversion to oleothorax for antisymphyseal reasons. At each oil fill 
a corresponding amount of air is withdrawn to insure that the oil is 
not under a positive pressure in the extrapleural pocket. The total 
amount of oil required to fill the pocket has varied in these 9 cases from 
76 cc. to 315 cc. After the pocket is filled, the patient is tapped every 
three to four weeks for the first three months and small amounts of oil 
added only as the pocket will accept it without a final positive pressure, 
as will be evidenced by whether or not, with the needle in the pocket, 
oil will flow out spontaneously. 


GENERAL OBSERVATIONS 


As to the duration of maintenance of an extrapleural pocket in which 
cavity closure and sputum conversion have been accomplished, we can 
only be governed by our experience with intrapleural pneumothorax. 
It is our aim to maintain a satisfactory collapse for a minimum of two 
years in all cases, and naturally it may be desirable to double this period 
in many cases if possible. In some of the cases, it is possible to suspect 
that the patient will have to choose between a permanent extrapleural 
pneumothorax or a thoracoplasty at the end of three or four years (18). 

The impression that air is more rapidly absorbed in these patients 
than following intrapleural pneumothorax prevails, although this may 
be explained not by greater permeability of the lining or greater vascular- 
ity but rather by the greater pressure of air needed in the space to main- 
tain the collapse. Quantitative studies of the rate of air absorption at 
various periods following beginning of the space or of gas analyses, 
showing differences in the rate of absorption of different gases in these 
cases, were not done. Numerous specimens of extrapleural fluids were 
examined and differential cell counts made on them without notable 
findings at variance with the gross impressions. The rate of absorption 
of oil, on the other hand, appears to be somewhat less rapid here than 
with intrapleural oleothorax, though here also actual figures are still 
uncompiled. 

The relationship of the location of the cavity to the frequency of 
development of fluid or infections has not been analyzed. Although 
no instance of perforation of such a cavity occurred here, it has been 
reported in the literature elsewhere. The X-ray films available suggest 
that proximity of the cavity to the wall of the pneumothorax space 
may carry a higher danger of infection. 
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Bilateral extrapleural pneumothorax was established in three patients. 
An interval of at least one and one-half months was allowed for the 
establishment of the first pocket before the contralateral collapse was 
attempted. During the first few weeks, the refills were given on different 
days on the two sides, but later occasional simultaneous insufflations 
have been safely given. 

The combined extra- and intrapleural pneumothorax operation of 
Joannides (19) has not yet been intentionally induced here, but one 
patient apparently has such a combined pocket due to accidental perfora- 
tion of the pleura, probably during the operation. 

A number of other patients had homolateral pneumothorax intra- 
pleurally, which was allowed to expand before the operation for the 
extrapleural pocket was started. Others with contralateral intra- 
pleural pneumothorax were allowed to continue this treatment, so several 
patients now are receiving extrapleural refills on one side and intrapleural 
refills on the other. Such combined bilateral intra- and extrapleural 
pneumothorax as well as bilateral extrapleural pneumothorax appear to 
give less dyspnoea and less danger from spontaneous collapse than has 
been our impression in dealing with bilateral intrapleural pneumothorax. 

The instillation of saline instead of leaving air in the extrapleural 
pocket during surgery was done in about half of the cases. No marked 
difference in the frequency or amount of fibrin or exudate, shown by 
X-ray or on aspiration following the operation or on the duration or 
height of the postoperative temperature and pulse curve, could be noted. 

The elevation of the foot of the bed, in accordance with our usual 
post-thoracoplasty technique but in opposition to Schmidt’s recom- 
mendation of partial recumbency, has been generally followed and no 
ill effects noted, the greater possibility of fibrin clot formation and fluid 
over the dorsal surface being compensated for by the lessened probability 
of such occurring at the floor of the pocket and so leading to premature 
loss of space. 

Our management of these patients following operation has been much 
more conservative than that described elsewhere. Absolute bed-rest 
for the first three postoperative months has been observed in every 
case, and then if the X-ray films and sputum studies are satisfactory 
the patients are allowed very gradually to increase their exercise so that 
in eleven weeks they are allowed bathroom privileges on the ward. Then 
they continue graded exercise. The general well balanced sanatorium 
diet is given from the time of operation. No special postural instruc- 
tions are given. 


t 
| 
| 
‘ey 


PAXTON, CHURCHILL AND SKILLEN 


TABLE 1 


Final pressures, 
cm. 


2ND 3 WKS. 


OPERATION NUMBER 
POSTOPERATIVE DAYS 
day 


| Postoperative 
Serum aspirated 
NUMBER FILLS 
1isT WEEK 
NUMBER FILLS 
AVERAGE VOLUME 


| 


| 


108 
97 
145 
96 
150 
82 
72 
102 
103 
100 


* 


R 
R 
L 
R 
L 
L 
L 
L 
R 
R 
L 
R 
R 
R 
R 
R 
L 
R 
L 
L 
R 
R 
R 
R 
L 
R 
L 
R 
R 
L 
L 
R 
L 
L 
R 
R 
L 


OPN WP WCF WWW PD DY W 


i) 


POSTOPERATIVE DAY 
ONSET OF EFFUSION 
CAVITY CLOSED 


Yes 
Yes 
No 

No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

No 

Yes 
Yes 
45 |D No 

Yes 


SPUTUM CONVERSION 


Yes 
Yes 
No 

Yes 


* Pocket lost. a, b, or c = bilateral. m = 2 stages. Z = pocket abandoned. D = 
extrapleural pocket lost. 


disinfection oleothorax. A = antisymphyseal oleothorax. L = 


172 
INITIAL FILL | | 

la 365 125 Yes | Yes 

2 344 60 | 148 | AD | Yes | Yes 

3b 266 86 | 124 | Yes | Yes 

4 266 93 Yes | Yes 

5 260 109 62 Yes | Yes 

6 252 119 51 | D Yes | Yes 

7 252 100 | 35.| D Yes | Yes 

8 252 | 85 |. | Yes | Yes 

9 246 | 171 i, Yes | Yes 
10 246 Yes | Yes 
11 239 50 | A | Yes 
12c 238 106 | 105 | D Yes | Yes 
13m 238 168 No 
14 231 | 82 | Yes 
15 225 | 85 No 
16 225 102 No 
17 218 106 Yes 
18b 218 57 Yes 
19 211 99 Yes 
20 211 119 Yes 
21 204 68 | 1 Yes 
22 197 59 Yes 
23 197 79 No 
24 196 126 No 
25a 196 81 | Yes 
26 191 64/1 Yes 
27 191 63 No 
28 183 Yes 
29 177 | Yes 
30c 176 Yes 
31 176 Yes 
32 176 No 
33 175 No 
34 170 
35 169 
36 169 | 
37 168 | 


TABLE 1—Concluded 
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INITIAL FILL 
8/8} 2 | & < z | 2 |& & 
ce. ce. ce. 
38 | R | 168 | 11] 60) 200 +2; |4 90 No | No 
39 iL 162 | 2 0; 150 | +10} +20/2 | 4 99 Yes | Yes 
40 |R | 162 | 1 0; 5O | +40 | +42/5 | 5 76 A Yes | No 
4im/ L | 156 | 1 0 | 250 —O0; +8)4 |7 | 123 No | No 
42 |R | 155 |2] 60] 150 +8} |3 | 126} 49 Yes | Yes 
43 |R | 141 1 0; 200 | —10| | 4 | 100 Yes | Yes 
44 |R | 140 | 1 9; 140 | +18 | +26|3 |4 63} Yes | Yes 
45 i 0; 90 |3 | 110 Yes | Yes 
46 |R | 111 1 | 150 | 100 | +40|4 | 7 59 No | No 
47 L | 111 1 90 | 350 +0} +16 | 4 6 125 Yes | Yes 
48 |R | 106 | 0 0 | 125 +8} +22)4 |5 | 184 Yes | Yes 
49 |R 50 | 1 0;150 | +14] 4 | 6 | 125 Yes | Yes 
50 | 1 0 | 150 +0} +10|3 | 6 | 130 Yes | Yes 
Average | 195+/ 2 44 | 153-—| +17 | +22/3 | 4 99 | 73 


Extrapleural pneumothorax at Olive View has so far well lived up to 
the claims made for it by the recent European workers (20). Low 
operative danger, a high proportion of successful cavity closures and 
sputum conversions, and every appearance of the possibility of prolonged 
maintenance or conversion to a persisting extrapleural oleothorax en- 
courage us to expect an even greater use of this procedure during the 
years to come. 


RESULTS 


The results of the first 50 extrapleural operations performed here by 
or under the supervision of Dr. Frank S. Dolley and Dr. John C. Jones 
are listed in table 1. The results for the series are as follows: 


1: Cavity closure, sputum conversion (21): 34 patients (37 pockets), or 72.3 
per cent 

2: Apparent cavity closure, sputum still positive: 3 patients, or 6.4 per cent 

3: Cavity not closed, sputum still positive: 10 patients, or 21.3 per cent 

4: Total number of pockets converted to oleothorax: 13, or 7.7 per cent 

(a) Antisymphyseal oleothorax: 7, or 14.9 per cent 

(b) Disinfection oleothorax: 4, or 8.5 per cent 
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(c) Combined disinfection and antisymphyseal oleothorax: 2, or 4.3 
per cent 


There were 15 patients in whom an effusion developed. (See table 
2.) There were 8 pockets in which a tuberculous empyema developed. 
There was one additional pocket which developed an empyema in which 
we were unable to identify tubercle bacilli or other organisms. There 
was one case which developed a nontuberculous empyema in which a 
gram positive bacillus was repeatedly demonstrated. 


TABLE 2 


Effusions 


post- | TEMPERATURE FLUID TREATMENT 
OPERA- 
TIVE 
DAY OF : spira- 
ONSET | Height Duration Puru- Bacteriology tion and | Gomenol 
OF EFFU-| (max.) (over 99°F.) — in Oil 
SION T.B. | Other tion 


> 


99.6 | 10 days 
101.8 | 2 weeks 
102.0 | 23 months 

99.4 | 1 week 
100.0 | 10 days 
100.0 | 23 weeks 
101.4 | 2 weeks 
101.0 | 5 days 

98.6 | 0 

99.2 | 3 days 

99.6 | 3% weeks 
100.4 | 4 weeks 

99.6 | 5 weeks 
100.4 | 3 weeks 
100.0 | 5 days 
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= empyema remaining 
= fluid disappeared 
D = disinfection oleothorax 
A = antisymphyseal oleothorax 


SUMMARY 


1. Forty-seven cases of pulmonary tuberculosis in which 50 extra- 
pleural pneumothorax pockets have been established are reported. 

2. Cavity closure and sputum conversion was obtained in 72.3 per 
cent of the cases; there were 27.7 per cent which had a residual positive 
sputum. 


| 
ane F RESULTS 
CASE 
2 148 | 
5 62 
6 51 
7 35 
12 105 
14 59 
16 63 
18 124 
21 100 
25 41 
26 102 
27 56 
36 45 
42 49 | 
44 52 | 
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3. In 3 of the 47 cases, bilateral extrapleural pneumothorax was 
induced and successfully maintained. 

4. No deaths occurred during the first year after the operation, but 
3 patients died thereafter. Since this series has now been followed for 
an average of more than one and one-half years this constitutes a fatality 
rate of less than 4 percent perannum. The 3 fatal cases had not secured 
adequate collapse from the extrapleural operation, and 2 of them had 
later been given thoracoplasties without special technical difficulty, also 
without controlling the disease. Some of the earlier patients have been 
discharged as apparently arrested and have already resumed their occu- 
pations or domestic duties, returning at intervals for refills or observation. 

5. The later course of the patients here reported, and further experi- 
ence with an even greater additional number given extrapleural pneumo- 
thorax during the past year, with little change in technique, have only 
strengthened our favorable impression of this procedure, when correctly 
conducted in appropriate cases. 
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RATE OF CONVERSION OF SPUTUM DURING PNEUMO- 
THORAX TREATMENT! 


R. A. BENDOVE,? H. ALEXANDER, M. D. DEREN anp S. LIPSTEIN 


The conversion of sputum is the most reliable index of the efficacy of 
therapeutic pneumothorax, and the problem of how soon after the initia- 
tion of the treatment positive sputum may turn negative deserves a 
great deal of attention. In previous reports (1, 2) we described the 
quantitative estimation of conversion of sputum during pneumothorax 
therapy and some of the factors which influence the variations in the 
time intervals of conversion. The present report is based on the analysis 
of much larger groups of cases and, besides corroborating our previous 
findings, it brings out additional facts which are of clinical interest and 
practical value. 

Two separate series were included in this study, one consisting of 546 
cases which turned negative out of 1,320 cases treated with artificial 
pneumothorax at Sea View Hospital, and another smaller group of 165 
cases which turned negative out of 275 cases treated with pneumothorax 
in private practice. The patients of the last group were confined to 
bed in a hospital or at home for the first few treatments only, but all 
subsequent insufflations were continued while the patients were am- 
bulatory. 

Only those cases which were persistently negative for six months were 
included in this study. The first two or three sputum examinations were 
made on plain or direct smears; if they were persistently negative for 
tubercle bacilli, the subsequent examinations were, as a rule, made on 
concentrates. (The sputum was treated with 4 per cent sodium hy- 
droxide.) One or two gastric lavages were also examined on each case. 
No case was considered converted if either the concentrate or the gastric 
contents were positive. 

To avoid the danger of confusion, we want to make it clear from the 
start that this report does not aim at all to contrast the total number 


1 Read by title before the American Academy of Tuberculosis Physicians, St. Louis, 
Missouri, May 14, 1939. 
2 65 Central Park West, New York City. 
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of converted cases with the total number of unconverted cases after 
institution of pneumothorax. That forms a study in itself and will be 
discussed in a separate contribution. 

The present study concerns itself with the rate of conversion of sputum 
during pneumothorax therapy and the factors which bear upon the 
shortening or lengthening of the intervals between the commencing of 
pneumothorax and the suppression of tubercle bacilli in the sputum. 
The effect of age, onset of disease, site and type of lesion, intrapleural 
pressures, sex, duration of illness prior to pneumothorax therapy, etc. 
were taken into consideration, and the following charts and tabulations 
give a fair idea of the réle played by some of these factors and their 
prognostic significance. 


CONVERSION OF SPUTUM AFTER INDUCTION OF PNEUMOTHORAX 
IN INTERVALS OF MONTHS, TRIMESTERS AND SEMESTERS 


Chart 1 demonstrates the monthly variations in sputum conversion 
during pneumothorax treatment in (A) the sanatorium group and (B) 
the ambulatory group. Both groups show the greatest percentage of 
conversion in each month of the first trimester of therapy with slight 
fluctuations. Following the third month, there is a progressive monthly 
decline in the percentage of converted cases which becomes marked in 
the months of the last half year of the treatment. The number of cases 
turning negative after one year was negligible and was not included in 
this chart. 

Chart 2, A and B, compares the conversion of sputum of the same 
two series at three month intervals, and reveals the important fact that 
more cases turn negative in the first trimester of therapy than in the 
rest of the time, the percentage being higher in the ambulatory group 
(83.6 per cent) than in the sanatorium group (64.8 per cent). Charts A’ 
and B’ are of the greatest clinical significance, stressing the fact that 
more than 90 per cent of the cases in each category were converted within 
the first six months of treatment. In other words, of all the cases which 
turn negative after the initiation of pneumothorax, 9 out of every 10 do 
so within the first half year of the therapy. The chance of becoming 
negative after the first six months is very small, and the indications 
for other collapse measures either alone or in conjunction with pneumo- 
thorax should be considered. 

The question as to why a larger percentage of cases of the ambulatory 
group turned negative within the first three months, and why most of 
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Cuart 1. Comparison of rate of conversion of sputum during pneumothorax treatment in two 
series of cases. A—Based on 546 cases treated in sanatorium. B—Based on 165 cases treated 
outside of the sanatorium. Both groups show monthly variations with the greatest number of 
conversions during the first three months. 


CONVERSION OF SPUTUM IN 3 MONTH INTERVALS LA), AND OmMOntH INTERVALS (B) 
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Cuart 2. Comparison of sputum conversion in the same two series of cases as shown in chart 1. 
A and A’ show rate of conversion in intervals of three months, and B and B’ in intervals of six 
months. The ambulatory group gives a higher percentage of conversion in the first trimester. 
Both groups show over 90 per cent conversion in the first semester. 
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the cases of both categories became converted within the first six months 
of the treatment brings in many factors which bear upon the augmenta- 
tion or retardation of sputum conversion during pneumothorax treat- 
ment. These factors, if evaluated properly, may prove of certain 
prognostic importance, as shown in the following tabulations. 


Areecren Sine ano Seurum Conversion 


A. SANATORIUN GROUP 


hey 


RIGHT SIDE | 1183 96] 319] 16 5.4 1.9 


LEFT SIDE 169.4] 561229) 1415.9 1.8 


1-3 MONTHS/4-6 MONTHS|7-9 MONT HS 0-12 NONTHS 


CONVERSION OF SPUTURM TREMONTHLY INTERVALS Ano 
Tarmesren 


B. AMBULATORY GROUP 
RIGHT 86 68 1741 | 1.2 


LEFT SIDE} 79 | 70/886) 
MONTHS 14-6 MONTHS|7-4 MONTHS/I0-12 MonTu 


CONVERSION OF SPUTUM InTERVALS Isr Zne 


Cuart 3. Relation of affected side to rate of conversion of sputum during pneumothorax 
treatment. The first trimester shows a higher percentage (about 10 per cent) of conversion 
in both groups. The reverse holds true in the second trimester. Practically no difference 
is noticed after six months. 


RELATION OF TREATED SIDE TO CONVERSION OF SPUTUM 


Chart 3, A, A’, B, B’, illustrates the relationship of the affected side 
to the rate of sputum conversion during pneumothorax treatment. 
There were 301 right-sided cases and 245 left-sided cases in the sana- 
torium series. Of these, 60.8 per cent of the right-sided group and 
69.4 per cent of the left-sided group turned negative in the first trimester. 
A similar ratio was found in the ambulatory series, 79.1 per cent of the 
right-sided group and 88.6 per cent of the left-sided group became con- 
verted in that period of time, that is, about 10 per cent more of the left- 
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sided cases than the right-sided cases turned negative within the first 
three months. The reverse is shown in both series in the second tri- 
mester during which 9 per cent more of right-sided than left-sided cases 
became converted. 

Whether the smaller volume of the left lung and the different con- 
figurations of both lungs have something to do with the results can only 
be conjectured. The difference in the rate of conversion, however, is 
not marked enough to be of practical clinical application. 

Bilateral cases were not included in this study. They form a category 
in themselves and will be discussed in a subsequent report. 


DURATION OF ILLNESS PRIOR TO PNEUMOTHORAX IN RELATION 
TO SPUTUM CONVERSION 


Chart 4, A and B, endeavors to ascertain whether there is any correla- 
tion between the onset of the disease and the disappearance of tubercle 
bacilli from the sputum after the induction of pneumothorax. The 
ordinates indicate the duration of the disease in months before initiation 
of pneumothorax and the abscissae denote monthly intervals of sputum 
conversion during pneumothorax treatment. Each dot represents a case. 
The aggregation of most of the dots in the spaces between the first and 
sixth months is very impressive. A closer analysis of the charts of both 
series reveals the fact that most of the cases with a clinical history of 
one-half year’s duration or less turned negative in the first three months 
of the treatment, whereas the cases with a longer clinical history show a 
fair distribution also throughout the later months. It is of particular 
interest that most of the patients in the ambulatory series gave a clinical 
history of having been sick less than six months prior to the initiation of 
pneumothorax, and the great majority of the cases turned negative 
within the first trimester of the treatment. 

In table 1 the cases of both series were combined and tabulated into 
three aggregates: cases with a clinical history of tuberculosis of less than 
six months’ duration, patients with a history of from seven to twelve 
months, and patients who had been sick more than a year prior to the 
treatment. Among those who were sick less than six months, 80.3 per 
cent turned negative during the first trimester with a corresponding 
decline in the following trimesters. However, among the cases with a 
longer clinical history, no definite correlation could be established be- 
tween the duration of illness prior to pneumothorax and the conversion 
of sputum after commencing the treatment. Those cases with a history 
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COMVERSION OF SPUTUM IN MONTHLY INTERVALS 

Cuart 4. Effect of duration of illness prior to pneumothorax on rate of conversion after 
initiation of therapy. (Each dot represents a case.) There is no striking correlation be- 
tween the two variants, but most cases with a brief history of illness are aggregated in the 
columns of first months of treatment. Note also that most of the patients of the ambulatory 
group give a clinical history of only six months or less. 


TABLE 1* 


Relation of duration of illness prior to pneumothorax to rate of conversion of sputum (based on 
both groups combined, 711 cases) 


6 MONTHS OR LESS | 1 YEAR OR LESS | MORE THAN A YEAR 


Duration of illness prior to pneumothorax treatment 


Per cent 


Number 
of cases 


Per cent 


Number 
of cases 


Per cent 


First trimester 
Second trimester 


Third trimester........... 


Fourth trimester 


80.3 
18.9 
0.6 
0.2 


35 
53 
15 

2 


33.3 
50.5 
14.3 

1.9 


55 
27 
15 

7 


52.8 
21.9 
14.5 

6.8 


* Note that most of the cases with a clinical history of one-half year’s duration or less 
Cases with a longer clinical 


turn negative during the first three months of treatment. 
history show no definite correlation. 
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of one year’s duration gave 33.3 per cent of conversion in the first tri- 
mester and 50.5 per cent in the second trimester, whereas of cases with a 
clinical history of more than one year, 52.8 per cent turned negative the 
first trimester and only 21.9 per cent in the second trimester of treat- 
ment. ‘The table, however, demonstrates clearly that almost all the 
cases which became converted after the six months of treatment gave a 
history of having been sick one year or more prior to initiation of 
pneumothorax. 


Ace Ano Seutum Conversion 


KEY — Sanmatoaium croup 
AMBULATORY GRouP 


frequency Y% 


7-9 7-3 +-6 0-42 7-4 0-42 
MONTHS MONTHS MOonTHS 

AGE- PERIOD B. AGE- PER100 C. ACE- PERIO0 

16-25 YEARS 26-35 YEARS 36-45 YEARS 


Cart 5. Comparison of rate of conversion of sputum at various age periods. Highest 
percentage of conversion within first trimester in age group 16 to 25, progressive decrease for 
same trimester as we proceed from younger to older in age periods. Age group 36 to 45 
shows almost the reverse ratio. 
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AGE IN RELATION TO RATE OF SPUTUM CONVERSION 


A direct relationship between the age periods at which pneumothorax 
is undertaken and the time interval of sputum conversion was found in 
both the sanatorium and ambulatory series. Each group showed a 
maximum conversion of all young patients within the first three months 
of therapy, whereas the older patients gave a higher percentage of con- 
version in the later months of treatment. 

Chart 5, A, B and C, compares the rate of sputum conversion at 
various age periods in both series. The highest percentage of converted 
cases in the first trimester of the therapy is found in the age period of 
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16 to 25 years, 70.2 per cent in the sanatorium series and 70.5 per cent 
in the ambulatory series. During the second trimester of the therapy, 
29.5 per cent of the ambulatory group and 24.2 per cent of the sanatorium 
group turn negative, leaving only 5.6 per cent to become converted in 
the third trimester. In other words, all the patients in the age period 
16 to 25 years of the ambulatory series become converted within the 
first six months, and almost 95 per cent of the sanatorium group turn 
negative within the same semester of treatment. The age period 26 to 
35 years shows the same trend, though in a much lesser degree, in both 
series of cases. A reverse ratio is observed in the age period 36 to 45 
years. Only 11.6 per cent of the sanatorium group turn negative within 
the first three months of treatment, 20.1 per cent in the next three 
months, 30.2 per cent in the third trimester and 38.1 per cent in the 
fourth trimester. 

It is obvious from these tabulations that, all other things being equal, 
the age has a direct bearing on the rate of conversion, that is, the younger 
the individual the better the chance of suppressing the tubercle bacilli 
in the sputum during early months of pneumothorax treatment. 

This direct ratio between the age and interval of conversion offers a 
good reason why the ambulatory series yielded the highest percentage 
of negative cases within the first three months of therapy. All the 
patients in that series were young adults, most of them ranging between 
twenty and thirty years; only three patients were over the age of thirty- 
five years. 


EFFECT OF INTRAPLEURAL PRESSURES AND EXTENT OF LESION ON 
THE CONVERSION OF SPUTUM 


Many aspects are to be considered in the quantitative analysis of the 
conversion of sputum during pneumothorax treatment, but the tabula- 
tion and the integration of all of them would make this article too 
lengthy and complicated. We will therefore give only a general summa- 
tion on the relation and effect of the other factors on the rate of disap- 
pearance of tubercle bacilli from the sputum after the initiation of 
pneumothorax. 

Most of the cases which turned negative in the early months of the 
therapy were treated with low intrapleural pressures, whereas those 
cases which became converted in the later months were, as a rule, sub- 
jected to high intrapleural pressures. Practically 9 out of 10 cases 
which became converted in the first trimester were treated with a hypo- 
tensive or expansile type of pneumothorax; in the second trimester, the 
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ratio of the cases treated with hypotensive pneumothorax to those 
treated with a hypertensive pneumothorax was about 3:2; and in the 
later months of treatment, the ratio tends to become inverse, so that 
by the fourth trimester more than 70 per cent of the cases were sub- 
jected to a hypertensive or compressive type of pneumothorax. 

Little correlation was found between the anatomical extent of the 
lesion and the rate of conversion of sputum. Just as many unilateral 
cases of stage III were converted during the first three months as were 
unilateral cases of stage II. In other words, the extent of the unilateral 
lesion per se seemed to have no direct bearing on the suppression of the 
tubercle bacilli from the sputum, once a free pneumothorax was estab- 
lished. Bilateral lesions gave an entirely different response, but, as 
mentioned previously, those cases were not included in this particular 
study. The question of anatomical magnitude and maximum conver- 
sion is a very important one and will be discussed fully in a separate 
contribution. Qualitatively, all the cases may be described as caseous 
pneumonic of the classification of Ornstein, Ulmar and Dittler (3), or 
may be designated by the more commonly used terms of fibrocaseous 
and caseous-cavernous types of tuberculosis. 

Very little difference was found between males and females as far as 
the rate of sputum conversion was concerned. 


CLINICAL CONSIDERATION 


The quantitative estimation of sputum conversion during pneumo- 
thorax therapy deserves greater attention for it may help us to establish 
more exactly the time limit of effectiveness of the treatment. Clinical 
improvement alone is not a good criterion for the efficacy of pneumo- 
thorax inasmuch as many patients who improve immediately after in- 
duction of pneumothorax do not fare as well later on as long as their 
sputa contain tubercle bacilli. Bunta (4) found that there was a “more 
direct reduction in bacillary numbers prior to the 7 to 9 month interval 
than in the succeeding months of treatment.”’ 

The indefinite continuation of pneumothorax treatment in spite of 
persistent positive sputum in uncomplicated unilateral cases is not 
justified, to say the least. An evaluation of the time limit of effective- 
ness of pneumothorax should take into consideration all the factors 
which bear upon the rate of conversion of sputum during the treatment. 
Obviously, in cases where pleuritic adhesions prevent the collapse of the 
lung, the ratios discussed do not hold true. Cases with Jacobaeus opera- 
tions were not included in this report, as they form an interesting group 
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by themselves. Neither were cases complicated by massive pleural 
effusions nor contralateral lesions included here, as they also form a 
separate category. 

However, in the uncomplicated unilateral cases treated with pneumo- 
thorax, these ratios can be used as a reliable index as to the time limit 
of the efficacy of the treatment. Thus, when a patient under the age 
of thirty fails to respond to pneumothorax therapy within six months, 
his chances of doing so later are very slim, and other measures of col- 
lapse therapy should be considered. On the other hand, older patients 
have a better chance of becoming converted later in the treatment and 
should therefore be given a longer trial of pneumothorax before other 
procedures of collapse therapy are undertaken. 

What accounts for the differences in behavior of the age periods with 
regard to conversion of sputum can only be postulated. Perhaps more 
fibrosis preponderates in the lesions of older patients which renders the 
diseased area less yielding to the pneumothorax. 

It is unnecessary to resort to high intrapleural pressures in order to 
accelerate the conversion of sputum in the early months of pneumothorax 
treatment. The advantage of the expansile or selective type over the 
compressive type of pneumothorax has been fully discussed elsewhere 
(5). Suffice it to mention here that the large number of converted cases 
treated with low intrapleural pressures corroborates our views that a 
hypotensive or selective pneumothorax should be the treatment of 
choice whenever applicable, since it causes little disturbance in the 
intrathoracic equilibrium and offers the best result as far as recuperation 
of the respiratory capacity is concerned (6). 

The comparison of the results in the two series of cases shows definitely 
that ambulatory pneumothorax treatment can be carried out success- 
fully in uncomplicated cases. Besides the reason that the patients in 
the private group were in better economic circumstances and sought 
medical advice early in the disease, their younger age and comparatively 
short clinical history were undoubtedly dominant factors in the con- 
version of their sputum within the early months of the pneumothorax 
treatment. 


CONCLUSIONS 
A study of the rate of conversion of sputum by months after the in- 


duction of pneumothorax shows that the highest number of cases become 
negative in the early months of the treatment. From the fourth month 
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on, there is steady decline with very few converted cases after the ninth 
month. More than 90 per cent turn negative within the first six months 
of therapy. 

No definite relation can be established between the side of the lesion 
and maximum conversion, though all left-sided cases yield a slightly 
higher percentage of conversion (10 per cent) within the first trimester 
of therapy. 

When the duration of the illness prior to pneumothorax is six months 
or less, the chances of becoming converted within the first three months 
is good (80 per cent). A longer duration of illness before pneumothorax 
therapy shows no definite correlation with the interval of sputum 
conversion. 

Low intrapleural pressures are just as effective as high pressures in 
suppressing tubercle bacilli in the sputum. The anatomical extent of 
unilateral lesions seems to have little relation to the rate of conversion 
of sputum after the initiation of pneumothorax. 

The most direct relation was established between the age and maxi- 
mum conversion. Other things being equal, the younger the patient, 
the sooner he turns negative after initiation of pneumothorax. More 
than 70 per cent of the cases in the age group 16 to 25 become converted 
within the first trimester and almost all of them become negative within 
six months of treatment. A reverse ratio is observed in the older 
age period. 

These ratios can be used as a reliable index as to the time limit of ef- 
fectiveness of pneumothorax when we come to consider the advisa- 
bility of other measures of collapse therapy. 
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TUBERCULOSIS IN THE NEGRO’! 
Clinical and Roentgenological Characteristics 
HAROLD L. ISRAEL anp HOWARD M. PAYNE? 


Epidemiological, pathological and clinical evidence indicates a differ- 
ence in the incidence and course of tuberculosis in Negroes and whites. 
The tuberculosis death rate of the Negro population is more than three 
times that of the white population in the United States.’ The higher 
mortality of Negroes is especially marked in the large northern cities. 
In Philadelphia in 1938, for example, the Negro death rate from tubercu- 
losis was 182.6 per 100,000, while the white death rate was 39.9 per 
100,000. 

Evidence of a distinct difference in the character of tuberculous disease 
in Negroes and whites has been shown in necropsy studies. Pinner and 
Kasper (1) observed that in Negroes the lesions were predominantly 
caseous, with a greater tendency to lymphatogenous and haematogenous 
dissemination than in whites. Similar characteristics were noted in the 
Jamaican and American Negroes studied by Opie (2, 3). 

The present study represents an attempt to compare certain clinical 
and roentgenological characteristics of tuberculosis in Negro and white 
adults as observed in the dispensary of the Henry Phipps Institute 
in Philadelphia. Effort has been made to ascertain the differences 
between the two groups in nature and duration of symptoms, in extent 
and character of disease at the time of diagnosis, in incidence of complica- 
tions, in results of laboratory examinations, and finally, in mortality 
from the disease. 


MATERIAL 


Records of 610 adult patients in whom a diagnosis of clinical tubercu- 
losis was made in the free dispensary of the Henry Phipps Institute 
from January, 1932 to June, 1937 have been examined in this study. 
There were 265 white patients, and 345 Negroes. Excluded were 


1 From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia, 
Pennsylvania. 
2 Fellow of the Division of Medical Sciences of the Rockefeller Foundation. 
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patients with latent or healed tuberculosis and a few patients whose 
X-ray films were not available. It will be noted that the onset in some 
patients is described as asymptomatic; in these instances a clinical 
diagnosis of tuberculosis was possible by physical examination. The 
patients had not been found tuberculous previously, except for a small 
group who had had brief rest treatment elsewhere, or who had suffered 
relapse after sanatorium care. 

Inability to pay for private medical care was a prerequisite for ad- 
mission to the clinic. A very large proportion of the patients, both 
Negro and white, were constantly or temporarily, during the interval of 
observation, recipients of public relief. The patients came, with rare 
exceptions, from the densely populated southeastern portion of the city. 
Although this region is generally considered an economically poor 
quarter, the tuberculosis death rate among whites in this district closely 
approximates the death rate of the white population in the city as a 
whole. Although the wide-spread economic distress of recent years has 
forced many families of both races to maintenance at subsistence levels, 
white patients appear to have maintained a better standard of living, 
with less crowding. The white patients were largely of Italian, Russian- 
Jewish and Polish descent, and were for the most part foreign-born or the 
children of foreign-born parents. The Negro patients were with few 
exceptions of American birth; more than half had migrated from the 
southern states, and only a few came of urban-born parents. 


ROENTGENOLOGICAL CLASSIFICATION 


All X-ray films were reviewed and classified according to the criteria 
of the National Tuberculosis Association (4) as adult type disease, 
minimal, moderately advanced or far advanced in extent, and as child- 
hood type disease. There were in addition cases of miliary tuberculosis 
and silico-tuberculosis. 

It was considered advisable to divide the patients with adult type 
disease into three groups, according to the roentgenological characteris- 
tics of the lesions. Acute exudates or consolidations with or without 
cavitation have been included in the first group, designated as exudative 
lesions. Infiltrations appearing partially linear or strand-like have been 
placed in the second group, designated as proliferative disease. Lesions 
almost wholly strand-like with thick-walled cavities associated with 
tracheal retraction comprise the third group, of fibrotic lesions. 

It is recognized that this classification, widely used abroad, is open to 
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certain objections, chief of which is that in many instances lesions of 
varying age and chronicity were visible. However, it is commonly 
recognized also that lesions, as interpreted from X-ray films, vary widely 
in their predominant character, and it is on this basis that the designa- 
tions exudative, proliferative and fibrotic are used. Often, moreover, 
serial roentgenograms from early infiltrate to fatal terminus show pre- 
dominantly exudative disease with no perceptible evidence of prolifera- 
tive reaction. Pathological studies indicate that this type of 
tuberculosis is common in Negroes. On the other hand, serial exami- 
nations from latent stage through the development of advanced disease 
show in many individuals a fluctuating progression with prominent 
proliferative response. 

The extent and type of disease found in the 610 patients under con- 
sideration are shown in table 1. The disease was of adult type in all 
except 12 patients. Tuberculous infiltrations of the lungs accompanied 
by enlargement of the hilar or mediastinal lymph nodes were noted in 7 
patients, all Negroes. In spite of the increasing number of adolescents 
who are tuberculin-negative, anatomically typical childhood-type 
tuberculosis is apparently rare in white adults, and infrequent in adult 
Negroes. Acute miliary tuberculosis occurred in 2 white patients and in 
1 Negro patient. This experience does not confirm the common im- 
pression that miliary tuberculosis is more common among Negroes. 
Silico-tuberculosis was found in one patient of each race. 

In the remainder of this study, attention is directed to the 598 patients 
who had adult type tuberculosis. 

Adult type disease was found in 262 white patients. The distribution 
according to extent is shown in table 1. Although a greater propor- 
tion of Negro than white patients had far advanced disease, the per- 
centage was smaller than that reported by most sanatoria and clinics. 

In both races minimal tuberculosis was detected with greater frequency 
in women, as shown in table 1. Far advanced disease was appreciably 
less common in white females (47.6 per cent) than in white males (58.1 
per cent), while among Negroes the incidence in women (62.7 per cent) 
closely corresponded with that in men (63.4 per cent). 

Among white patients exudative disease was slightly more common in 
females, while fibrotic disease was slightly more frequent in males. The 
different types corresponded closely in frequency among Negro males 
and females. 

These results indicate that while proliferative and fibrotic lesions oc- 
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TABLE 1 
Extent and type of pulmonary tuberculosis in 


610 dispensary patients 


WHITE NEGRO 
EXTENT AND TYPE OF DISEASE 
Male Female Total Male Female Total 
23 (14.8%) | 21 (19.7%) | 44 (16.8%) | 19 (10.3%) | 21 (14.0%) | 40 (11.9%) 
42 (27.1%) | 35 (32.7%) | 77 (29.4%) | 49 (26.3%) | 35 (23.3%) | 84 (25.0%) 
9 9 18 26 27 53 
ERR nn Ce eee 90 (58.1%) | 51 (47.6%) | 141 (53.8%) | 118 (63.4%) | 94 (62.7%) | 212 (63.1%) 
30 6 36 5 5 10 
Total adult type tuberculosis................... 155 (100%) | 107 (100%) | 262 (100%) | 186 (100%) | 150 (100%) | 336 (100%) 
3 0 3 4 5 9 
0 0 0 3 4 7 
158 107 265 190 155 345 
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curred in two-thirds of white patients, they occurred also in almost a third 
of Negro patients. Sexual differences in the distribution of exudative, 
proliferative and fibrotic disease were slight. The greater frequency of 
exudative disease in white women than in white men cannot be construed 
as a reflection of earlier diagnosis, for the preponderance of exudative 
lesions was chiefly in women who had advanced disease. 

Comparison of the incidence of “basal” tuberculosis in the two races 
shows 2, or 0.8 per cent of whites, and 10, or 3.0 per cent of Negroes, with 
lesions confined to the lower halves of the lung fields. These lesions 
occurred in 6 males and 6 females. 

Healed childhood lesions indicated by calcified peripheral nodules or 
calcified foci in lymph nodes were observed in 88, or 33.1 per cent of white 
patients, and in 81, or 23.4 per cent of Negro patients. The percentage 
found with calcified childhood lesions was lower in patients with advanced 
tuberculosis, presumably due to masking of these lesions by extensive 
infiltrations. At each stage of disease, however, the proportion of calci- 
fied lesions was higher in whites. The ratio corresponded closely with 
the proportions of white and Negro patients who gave history of recent 
intimate contact with sputum-positive tuberculosis. The higher inci- 
dence of calcified primary lesions in children with history of family 


contact has been pointed out by McPhedran and Opie (5), and the 
greater frequency of calcified lesions in whites may be considered evidence 
that familial contact in childhood has been present more often among 
whites who develop tuberculosis in adult life than among Negroes. 


AGE DISTRIBUTION 


Mortality statistics indicate a recent increase in tuberculosis in older 
age groups. ‘The age at diagnosis was forty years or over in a quarter of 
the patients with adult type disease in the present study. In 28.1 percent 
of the white patients and in 21.5 per cent of the Negro patients the diag- 
nosis was made after the patient had reached the age of forty years. 
No marked difference is shown by comparison of mean age of all cases, 
which was 32.7 years in whites and 31.8 years in Negroes. 

The mean age varied more widely with type and extent of disease than 
racially (table 2). The mean ages of patients with exudative disease 
tended to be less than thirty years, while those of patients with pro- 
liferative disease ranged between thirty and forty years, and those of 
patients with fibrotic disease more than forty years. This tendency 
suggests that these various types of disease represent stages of a single 
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process. On the other hand, this variation may be due to alteration by 
age per se in the tissue response, resulting in increasing evidence of 
chronicity in the roentgenological appearance. 


TYPE OF ONSET 


Blame for the hopelessly advanced disease often encountered in 
Negroes has commonly been placed on failure to heed the early insidious 
symptoms of tuberculosis. 

In the present study an attempt has been made to classify the modes 
of onset with particular reference to differences between white and 
Negro patients in the frequency of local and systemic symptoms, and in 


TABLE 2 
Mean age in years at diagnosis of 598 patients with adult type tuberculosis 


EXUDATIVE PROLIFERATIVE FIBROTIC 


Moder- | Moder- Was Moder- 
Minimal |ately ad- edvensed Minimal |ately ad- odvenned ately ad- 


r 
vanced vanced vanced advanced 


_ 25.7 : 31.0 | 30.1 | 35.7 | 44.5 | 42.0 
31.7 | 28.5 33.9 | 37.4 | 33.5 _ 42.8 


the frequency of acute and insidious onsets. Eleven characteristic 
types of onset were distinguished: 


1: Onset with acute respiratory symptoms and continuing productive cough 
was described by 50, or 19.1 per cent of white patients, and 174, or 51.8 per 
cent of Negro patients. The duration varied from a few weeks to many 
months, but typically the cough was of sufficient severity to cause the patient 
to begin self-medication or to seek medical care within a short interval of the 
onset. Slight, tickling, dry cough occurred in these patients only briefly or 
not at all. This was the most common type of onset in white patients with 
exudative disease, and in Negro patients with exudative and proliferative 
disease. 

2: Onset with cough of insidious development was described by 86, or 32.8 
per cent of white patients, and 45, or 13.4 per cent of Negro patients. These 
patients usually complained of chronic cough, often attributed to use of 
tobacco and as a rule not sufficiently annoying to cause concern until many 
months passed or other symptoms developed. This was the most common 
type of onset in white patients with proliferative and fibrotic disease. Negro 
patients with proliferative lesions described this type of onset less commonly, 
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while in Negro as well as in white patients with exudative disease, this was an 
uncommon mode of onset. 

3: Onset characterized by systemic symptoms of insidious development was 
described by 41, or 15.6 per cent of white patients, and 19, or 5.6 per cent of 
Negro patients. Fatigue and loss of weight were the predominant symptoms 
in these patients. This type of onset was somewhat more common in patients 
with exudative disease. 

4: Onset with influenzal symptoms was described by 17, or 6.5 per cent of 
white patients, and 27, or 8.0 per cent of Negro patients. History was given 
of an acute illness which had confined the patient to bed for several days or 
weeks. Respiratory symptoms were not always prominent, and were some- 
times absent. These episodes had been in most instances diagnosed as 
bronchopneumonia, influenza, grippe or intestinal grippe. Convalescence 
following these acute illnesses was never complete, and local as well as con- 
stitutional symptoms usually became marked within one or two months. 
This type of onset was common in both white and Negro patients with exuda- 
tive disease. 

5: Onset with haemoptysis was described by 13, or 5.0 per cent of white 
patients, and 6, or 1.8 per cent of Negro patients. This group comprises 
patients who had few or no other symptoms; patients who had other symptoms 
were included under other types of onset. Onset with haemoptysis alone was 
more common in patients with proliferative disease. 

6: Onset with pieurisy was observed in 10, or 3.8 per cent of white patients, 
and 13, or 3.9 per cent of Negro patients. This type of onset was more com- 
mon in patients with proliferative disease. 

7: Onset with cough and systemic symptoms, both of insidious development, 
was described by 9 white patients and 8 Negro patients, more commonly in 
patients with proliferative disease. 

8: Onset with symptoms of acute toxicity, such as chills, high fever, and pro- 
fuse night sweats, was described by 2 white patients and 4 Negro patients. 

9: Onset with spontaneous pneumothorax was observed in 1 white patient and 
in 3 Negro patients. 

10: Onset with symptoms of extrapulmonary tuberculosis was observed in 5 
white patients and in 2 Negro patients. 

11: A diagnosis of clinical tuberculosis was made by physical examination in 
12, or 4.6 per cent of white patients, and in 9, or 2.7 per cent of Negro patients 
who had no symptoms. The majority of these patients had minimal pro- 
liferative disease. 


In summary, onset with acute, respiratory symptoms was characteristic 
of patients of both races with exudative lesions. Insidious onset of ill 
health, frequently with systemic symptoms, was more characteristic of 
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patients of both races with proliferative disease. Insidious onset of 
respiratory symptoms was the characteristic type of onset in patients of 
both races with fibrotic disease. 

Thus differences between Negro and white patients with similar type 
of disease were not marked. Negro patients more often gave history of 
onset with acute respiratory symptoms, but histories in which systemic 
symptoms predominated were almost as rare in white patients as in 
Negroes. ‘The great majority of patients, at time of diagnosis, described 
local and toxic symptoms of approximately equal severity. 


DURATION OF SYMPTOMS BEFORE DIAGNOSIS 


A fairly accurate estimate of the duration of symptoms could be 
elicited from most patients by careful questioning. Instances in which 


TABLE 3 


Duration in months of symptoms prior to diagnosis 


PROLIFERATIVE FIBROTIC 


EXUDATIVE 


Moder- Moder- 
Minimal | ately ad- 


29 .6/32.8 
12 


Mean duration... . 
Median duration. . 


the examiner was unable to obtain satisfactory information, or in which 
symptoms were absent, have been omitted in calculating averages. 

As with type of symptoms, the duration of illness cannot be compared 
directly in the two races. Taking the extent and type of disease into 
consideration, the duration of illness before diagnosis is shown in table 3. 

White patients with proliferative disease described symptoms of 
considerably greater mean length than Negro patients; this difference 
was largely due to the occasional white patient with extremely long 
history of illness, for differences in the median length of illness were 
slight or absent. Negro patients with fibrotic disease, on the other hand, 
gave histories of longer mean and median duration than white patients 
with corresponding lesions. 

Thus it appears that in acute types of disease there was no essential 
difference in the length of illness described by white and Negro patients. 
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In more chronic types of disease, despite the larger number of white 
patients with illness of very long duration, there was no striking racial 
difference in the duration of symptoms of the great majority of the 
patients. The fact that Negro and white patients with lesions similar 
in type and extent described symptoms of approximately equal duration, 
confirms the reliability of histories obtained from these patients. 

In patients of both races the mean duration of illness varied widely 
according to type of disease, while variation with extent of infiltration 
was relatively slight. Thus in white patients with proliferative disease, 
the mean duration was 15.3 months with minimal lesions, 18.6 months 
with moderately advanced lesions, and 21.1 months with advanced 
lesions. This suggests that the length of illness prior to diagnosis is not 
the chief factor determining the stage of the disease. Rather, it is the 
type of tissue response of the patient which determines whether the 
lesion will be minimal, moderately advanced or far advanced at the time 
symptoms become definite and a diagnosis is made. 


HISTORY OF CONTACT WITH TUBERCULOSIS 


Consideration in this study has been restricted to history of contact 
within the household with known sputum-positive or fatal tuberculosis. 
It was believed that with these restrictions, error due to subjective 
variations in memory or to reticence would be minimized. For the same 
reasons, and because of uncertainty concerning the importance of child- 
hood infection, only contact within five years of the onset of illness has 
been included. 

History of recent exposure was given by 24 per cent of white patients 
and 16 per cent of Negro patients. The proportion did not appear to 
vary with type of disease, but the percentage of patients giving history of 
contact was twice as large in minimal disease as in far advanced disease. 
The percentage of white patients with minimal lesions giving history of 
intimate contact was 36 and the percentage of Negro patients was 25. 
Contact history was given by 28 per cent of whites and 17 per cent of 
Negroes with moderately advanced disease, and by 17 per cent of white 
patients, and 14 per cent of Negro patients with far advanced disease. 

Of the white patients with history of recent family exposure 16, or 
25.8 per cent, had minimal disease, 23, or 37.1 per cent, had moderately 
advanced disease, and an equal number had far advanced disease at time 
of diagnosis. The disease was minimal in extent in 10, or 18.9 per cent, 
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moderately advanced in 14, or 26.4 per cent, and far advanced in 29, or 
54.7 per cent of the 53 Negro patients who gave history of recent family 
contact. 

These results do not indicate more extensive disease in patients with 
history of recent intimate contact with tuberculosis. On the contrary, 
the disease is decidedly more often minimal or moderately advanced in 
extent at the time of diagnosis. Earlier diagnosis presumably results 
from fear of the disease due to the occurrence of tuberculosis in other 
members of the family. Approximately a third of the patients who gave 
history of contact were members of families under the supervision of the 
Henry Phipps Institute. In these patients, instruction given by physi- 
cians and nurses was presumably a factor in expediting diagnosis. 


TABLE 4 
Weight of tuberculous patients at the time of diagnosis 
Mean Percentage of Standard Weight 


EXUDATIVE PROLIFERATIVE FIBROTIC 


Moder- Moder- Moder- 
Far ad- Far ad- Far ad- 
Minimal |ately Minimal |ately ad- vanced ately ad- vanced 


vance: vanced vanced 


88.8 | 89.2 | 94.6 | 90.0 | 83.8 | 83.0 | 81.1 
87.6 | 83.7 | 87.3 | 81.4 | 84.4 _ 89.4 


WEIGHT 


The weight of each patient at time of diagnosis was compared with 
the weight of normal individuals of the same age, sex and height, as 
determined from standard tables used by insurance companies. The 
mean weight, expressed as a percentage of the standard weight, is shown 
in table 4 according to type and extent of disease. Patients whose 
weight appeared to have been influenced by previous treatment or by 
concurrent illness of other character were not included in calculation of 
the averages. 

The weight appears to reflect roughly the character and extent of 
disease. Patients with minimal or exudative disease showed in general 
smaller weight loss than patients with more advanced or chronic disease. 
Differences, however, were relatively slight and inconstant. Racial 
differences were even less marked. It would appear that correlation 
between the weight at diagnosis and the duration or severity of illness 
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is not significant. Determination of the amount of weight lost would 
perhaps be of greater value, but accurate data as to previous weight are 
rarely obtainable. 


THE TUBERCULIN TEST 


The tuberculin test was performed by intracutaneous injection. Old 
Tuberculin in dosages of 0.01 and 1.0 mg. was used until 1934. Since 
1934 the test material has been Purified Protein Derivative in dosages of 
0.000,02 and 0.005 mg. The test was given routinely except to patients 
who had high fever, or were obviously too ill to return for readings. 
The test was completed in 89.1 per cent of the white patients, and in 87.5 
per cent of the Negro patients included in this study (table 5). 

One patient failed to react to the amounts given. This was a Negro 
who had moderately advanced exudative tuberculosis. The diagnosis 
was confirmed by demonstration, some months later, of tubercle bacilli 
in the sputum and by necropsy examination fourteen months after 
diagnosis. 

The severity of reaction was recorded according to the extent of 
oedema present forty-eight hours after injection (6). Four-plus reac- 
tions were observed in only 2 patients, both Negroes. Three-plus reac- 
tions to the smallest dose occurred in 37 per cent of Negro patients and 
in 24 per cent of white patients. The occurrence of severe reactions 
was greater in Negro patients with disease of every extent and type. 

The type of lesion did not appear to be correlated with the degree 
of reaction to tuberculin. In both white and Negro patients, however, 
the frequency of severe reactions was markedly greater with minimal 
disease, while weak reactions occurred more commonly in patients with 
advanced disease. Thus, four- and three-plus reactions to the initial 
dose were found in over 40 per cent of patients with minimal disease, 
and in less than 25 per cent of patients with far advanced disease, while 
one-plus reactions occurred in 5 per cent of patients with minimal lesions 
and in 19 per cent of patients with far advanced disease. 

To summarize, there appeared to be no notable difference between 
white and Negro patients in frequency of reaction to first and second 
dosages of tuberculin, but Negroes in general showed more severe reac- 
tions. Anergy was found in only one patient, a Negro. Strongly posi- 
tive reactions were more common in patients with minimal disease, and 
weak reactions in patients with far advanced disease. 


TABLE 5 
Results of tuberculin tests in tuberculous patients 


FIRST DOSE SECOND DOSE 


TOTAL POSI- 


° 
x 
=) 


EXTENT OF DISEASE 


3+ 


2+ 


1+ 


TOTAL POSITIVE 
TO FIRST DOSE 


Minimal 


White 
Negro 


14(33%) 
17(45%) 


24(57%) 
18(47%) 


4(10%) 
0 


42(100%) 
37(97%) 


3+ 


2+ 


0 
0 


TIVE TO 
SECOND 
DOSE 


0 
1(3%) 


Moderately 
vanced 


ad- 


White 
Negro 


21(30%) 
36(49%) 


35(50%) 
32(447%) 


11(16%) 
4(6%) 


67(96%) 
72(98%) 


1(1%) 
0 


2(3%) 
1 


3(4%) 
1(2%) 


Far advanced 


White 
Negro 


0 


21(17%) 
57(31%) 


64(52%) 
90(50%) 


26(21%) 
31(17%) 


111(91%) 
178(97%) 


5(4%) 
3(2%) 


6(5%) 
2(1%) 


11(9%) 
5(3%) 


Total 


(including 


miscellaneous) 


White 
Negro 


0 
2(1%) 


56(24%) 
112(37%) 


125(53%) 
142(47%) 


41(17%) 
35(12%) 


222(94%) 
291(96%) 


6(3%) 
5(2%) 


8(3%) 
4(1%) 


14(6%) 
10(3%) 


Test completed in 89.1 per cent of white patients. 
Test completed in 87.5 per cent of Negro patients. 
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SPUTUM EXAMINATION 


The collection of satisfactory sputum specimens from ambulatory 
patients is difficult. Nevertheless, confirmation of diagnosis by demon- 
stration of tubercle bacilli in sputum was obtained in a large proportion 
of patients. Direct smear examination was used routinely, and estima- 
tion of the number of bacilli was expressed according to the Gaffky scale. 
Concentration methods as well as culture and animal inoculation were 


TABLE 6 
Results of sputum examination in 598 patients with adult type tuberculosis 


PERCENTAGE WITH PERCENTAGE| ESTIMATED 
POSITIVE SPUTUM PERCENTAGE! wit IN- | MEAN NUM- 
NUMBER OF |WITH NEGA- 
ADEQUATE | BER OF 
PATIENTS EXAMINA- |BACILLI PER 
At time of Subse- SPUTUM ° FIELD 
diagnosis quently 


Minimal 
Exudative (50) (50) 
29 57 
17 71 


9 82 


Moderately advanced 
Exudative 


W 
N 
Ww 
N 
W 
N 


Far advanced 
54 17 2 to 3 

162 11 4to6 
51 19 2 to 3 
40 13 2 to 3 
36 8 1 
10 10 2 to 3 


Exudative 


Proliferative 


Fibrotic 


occasionally employed, but patients were often hospitalized before these 
methods could be used. Results of subsequent sputum examinations 
made in hospital or sanatorium were obtained whenever possible, but 
quantitative comparison with the examination made at Henry Phipps 
Institute was not attempted. Patients whose sputum on three or more 
examinations was free of tubercle bacilli have been considered sputum- 
negative. The examination was considered incomplete if fewer than 
three specimens were negative. 
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| } | 
0 ints 
14 _ 
| 33 | O 9 
| 
18 78 0 11 11 2 to 3 
53 61 17 | 9 13 2 to 3 
Proliferative.......... 44 25 21 41 13 1 
29 31 28 34 7 2 to 3 
15 48 40 12 0 2 to 3 
2 | (50) 0 (50) 0 oe 
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The percentage of patients with positive sputum varied widely with 
the character and extent of disease (table 6). Tubercle bacilli were 
rarely found in the sputum of patients with minimal disease at the time 
of diagnosis. Although positive sputum was found subsequently in some 
instances, approximately three-quarters of the patients had persistently 
negative sputum. Tubercle bacilli were found more frequently in the 
sputum of patients with moderately advanced disease, and in patients 
with far advanced disease the sputum was positive at time of diagnosis or 
subsequently in 88 per cent. Patients with exudative disease had posi- 
tive sputum more constantly than patients with proliferative or fibrotic 
disease. The sputum was positive with equal frequency in white and 
Negro patients with exudative disease, while among white patients with 
far advanced proliferative disease there was a disproportionately large 
number with negative sputum. 

An attempt was made to estimate roughly from the Gaffky count the 
numbers of bacilli expectorated. The arithmetic mean was calculated of 
the highest Gaffky counts reported at time of diagnosis. The mean 
Gaffky count in both white and Negro patients varied little with type and 
extent of disease. The mean Gaffky count was IV (2 to 3 bacilli per oil 
immersion field) except in Negro patients with far advanced exudative 
disease, whose average count was V (4 to 6 bacilli per field) and in white 
patients with moderately advanced proliferative disease and far advanced 
fibrotic disease, whose mean count was III (1 bacillus per field). Quanti- 
tative estimates derived from direct smear examination, however, must 
be considered of limited value, for quantitative methods indicate that 
Negro patients have far greater concentrations of tubercle bacilli in the 
sputum. Beebe and Zappasodi at the Henry Phipps Institute found as 
high as 22.6 billion tubercle bacilli in the daily expectoration of Negro 
patients, while the highest daily count among white patients was 1.7 
billion (7). 

COMPLICATIONS 


Tuberculous complications were encountered in approximately 20 
per cent of patients while attending the dispensary. Complications 
subsequently manifested in hospitals or sanatoria are not included. The 
tuberculous complications were pleural effusion (46 patients), laryngitis 
(24 patients), adenitis (13 patients), enteritis (11 patients), spontaneous 
pneumothorax (6 patients), ano-rectal tuberculosis (4 patients), osteitis 
(4 patients), miliary tuberculosis (2 patients), and meningitis, peritonitis 
and urogenital tuberculosis (1 patient each). It should be noted that 
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pleural effusion has been considered a complication both when it was the 
initial manifestation of disease and when it developed during the course 
of observation. Effusions associated with pneumothorax treatment 
have not been included. 

The occurrence of tuberculous complications was apparently not 
markedly influenced by race or by character of disease. Laryngeal, 
intestinal and bone tuberculosis occurred as a rule only in patients with 
far advanced disease. 

Heart disease, diabetes, and syphilis were frequently found in the 
patients studied. Fourteen Negro patients and one white patient showed 


TABLE 7 
Percentage of tuberculous patients having positive Kahn test 


TYPE OF DISEASE WHITE 


Moderately advanced 
Exudative 
Proliferative 
Fibrotic 


Far advanced 
Exudative 
Proliferative 
Fibrotic 


Miscellaneous 


Total percentage positive 


Percentage of patients given Kahn test 80.5 90.5 


clinical evidence of cardiac disease. The aetiology in Negro patients 
was hypertensive in three instances, rheumatic in three instances, syphi- 
litic in five instances and arteriosclerotic in three instances. One white 
patient had rheumatic heart disease. 

Diabetes mellitus was discovered in 12 patients, of whom 6 were white 
and 6 Negro. The diabetes was mild in most instances, except in one 
case in which the patient died of diabetic coma. 

Both Kahn and Wassermann tests were done until 1935. After this 
time the Kahn test alone was performed. The results, shown in table 


| NEGRO 
2.6 | 32.4 
2.9 | 33.3 

6.5 432.5 
3.8 | 33.7 
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7, indicate an incidence of syphilis similar to that found in nontuberculous 

groups. The Kahn test was positive in 3.8 per cent of white patients | 

and in 33.7 per cent of Negro patients. The percentage with positive 

Kahn test was not affected by the character or extent of the disease. | 

These considerations suggest that the accuracy of the Kahn test is not 
| 


significantly impaired in far advanced tuberculosis, and “false positive”’ 
reactions may be considered rare. 


THE PROGNOSIS IN TUBERCULOSIS 


An effort was made to determine the outcome of disease in all of the 
patients included in this study. This was possible in a relatively large 
proportion of the group. On December 31, 1938, after a maximum 
period of observation after diagnosis of eighty-four months, half of the 
patients were known to be dead and 43 per cent were known to be alive, 
while the outcome in the remaining 7 per cent was unknown. 

The mortality from tuberculosis was significantly greater in Negro 
patients. Of the Negroes, 205, or 59.4 per cent, were known to be dead 
of tuberculosis, 4 were known to be dead of other causes, and 109, or 
31.6 per cent, were known to be alive, while the outcome in 27, or 7.8 
per cent, was unknown. Of white patients, 92, or 34.7 per cent, were i 


known to be dead of tuberculosis, 3 were known to be dead of other 
causes, and 154, or 58.1 per cent, were known to be alive. No informa- 
tion was available concerning 16, or 6.1 per cent. 

The mortality, as might be expected, was greatest in patients with 
far advanced disease, and least in patients with minimal lesions. The 
fatality rate ranged from approximately 10 per cent in patients with mini- 
mal proliferative disease, to over 50 per cent in patients with far advanced 
exudative disease. 

In disease of every type and extent the mortality appeared greater 
among Negro patients; in some groups, however, the differences were 
slight. 

The disease was more rapidly fatal among Negroes. Death from 
tuberculosis occurred in 137, or 39.7 per cent of Negro patients, and in 51, 
or 19.2 per cent of white patients, within one year of the time of diag- 
nosis. The mean duration of illness after diagnosis in Negro patients 
dying of tuberculosis was 12.1 months, while in white patients the mean 
duration was 17.1 months. The median duration of illness after diag- 
nosis was eight months among Negroes and twelve months among 
whites. 

The influence of therapy has been disregarded in comparing these 
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TABLE 8 
Mortality from tuberculosis among 610 dispensary patients 


DURATION IN MONTHS 

OF LIFE AFTER DIAGNO- 
NUMBER | prrcent- | SIS IN PATIENTS DEAD 

TYPE OF DISEASE EXTENT OF DISEASE AGE DEAD | OF TUBERCULOSIS 


Mean Median 


Exudative Minimal White 
Negro 


Moderately advanced | White 
Negro 


Far advanced White 
Negro 


Proliferative Minimal White 
Negro 


Moderately advanced | White 
Negro 


Far advanced White 
Negro 


Fibrotic Moderately advanced White 26.6 
Negro 


Far advanced White 36 41.7 
Negro 10 40.0 


Total (including patients with miscel- | White 265 34.7 
laneous lesions) Negro 345 59.4 


Percentage mortality per year after diagnosis 


LESS THAN 2-3 3-4 4-5 
1 YEAR YEARS YEARS YEARS 


White 
No. observed...| 265 201 157 117 70 29 265 
No. dead 51 16 8 12 5 a7 oe 92 

(19.2%)| (7.9%)| (5.1%)|(10.2%)} (7.1%) (3.4%)| (34.7%) 


Negro 
No. observed...} 345 193 131 81 50 15 345 
No. dead 137 38 16 8 6 — 205 

(39.7%)| (19.7%)| (12.2%)| (9.9%)| (12.0%) (59.4%) 


204 
2 
18 | 22.2 | 27.5 - 
53 | 49.0 |'20.3 | 13.5 
54 | 57.4 | 13.5 7 
162 | 81.4 | 8.6 5 
42 9.5 | 34.3 on 
33 | 12.1 | 23.5 an 
44 | 15.9 | 21.5 | 17.5 
29 | 24.1 | 14.7 | 13 
51 | 47.0 | 15.1 | 10.5 
40 | 62.5 | 18.6 | 20.0 
39.0 | — 
13.6 | 6 
| 26.5 
= 17.1 | 12 
12.1 8 

| 
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averages. Evaluation of the effect of institutional and home care, 
collapse and rest therapy has not been attempted. The facilities for 
treatment were the same for white and Negro patients, and it is our 
impression that, if Negro patients availed themselves of the opportunities 
slightly less often than did white patients attending this dispensary, 
it was because they more often had obviously hopeless disease. 


DISCUSSION 


The chief difference in the character of tuberculosis in Negro and 
white patients was in the frequency of exudative and proliferative lesions. 
Two-thirds of Negro patients with adult type disease in this series had 
exudative disease, while less than one-third of white patients had lesions 
of this acute character. 

Racial differences in type and duration of symptoms appeared to a 
large extent attributable to this variation in the character of the disease. 
The median duration of illness of white and Negro patients with lesions 
similar in type and extent corresponded closely, and the mean duration of 
illness differed in some instances only because of the occasional white 
patient who gave an extremely long history of illness. The reliability 
of histories elicited from Negro patients is confirmed by these findings. 
It is unnecessary to postulate deficiency in memory or insensitiveness 
to manifestations other than pain in Negroes who are found to have far 
advanced tuberculosis with symptoms of only a few months’ duration. 
White patients with lesions of similar character give as a rule histories 
equally brief. Rather it is probable that Negroes in general give rela- 
tively short histories of illness because Negroes commonly have acute 
exudative lesions. 

It is noteworthy that while the length of illness prior to diagnosis 
described by patients varied markedly according to whether the disease 
was exudative, proliferative or fibrotic in character, there was relatively 
little variation with extent of the disease. Thus patients with minimal 
proliferative lesions reported duration of iilness only slightly less than 
patients with far advanced proliferative disease, and considerably 
greater than patients with far advanced exudative disease. The length 
of illness prior to diagnosis does not appear to be the major factor in 
determining the extent of the disease. A similar lack of correlation 
between extent of disease and duration of symptoms was noted several 
years ago by Douglas, Pinner and Wolepor (8). The assumption that 
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early diagnosis discovers minimal lesions appears questionable, for disease 
detected within a few weeks of the onset of symptoms may already be far 
advanced in extent. As a rule, minimal tuberculosis can be discovered 
only if the diagnosis is made before the onset of symptoms. 

Detection of a significant proportion of the tuberculosis of Negroes 
in the minimal stage is especially difficult, for it appears that the evolu- 
tion of tuberculosis is more rapid in Negroes not only from the onset of 
symptoms to death, but in the preclinical phase as well. The prevalence 
of pulmonary tuberculosis in apparently healthy Negro adults has been 
shown to be no higher than in whites in mass surveys in New York City 
(9), in college students in North Carolina (10) and in high school and 
normal school students in Philadelphia (11). Since the incidence of 
clinical tuberculosis in these Negro groups is very much higher than in 
whites, the asymptomatic phase of pulmonary tuberculosis must be in 
general considerably shorter in Negroes. Periodic examinations of 
Negroes must be frequent if tuberculous lesions are to be discovered in 
the asymptomatic or minimal phase. 

A further obstacle to case-finding among Negroes by the method of 
contact examinations is the fact that Negro patients less commonly give 
history of recent intimate exposure to tuberculosis. This may be a 
reflection of a special susceptibility of Negroes so great that serious 
disease may follow casual infection, or, on the other hand, may be the 
result of the greater crowding in Negro districts leading to more frequent 
extrafamilial contact. Possibly correlated with the greater frequency 
of familial contact in white patients was a higher incidence of calcified 
lesions of childhood type. 

The higher mortality of Negro patients in this series was in part the 
result of the greater frequency of exudative lesions, but the death rate 
was higher in Negroes with disease of almost every type and extent. 
Almost 40 per cent of the entire group of Negro patients were dead within 
a year of the time of diagnosis. It is possible that differences in the 
attitude toward treatment may have been a factor in the higher mortality 
of the Negro patient. . 

Acute miliary tuberculosis was observed in two white patients and 
in only a single Negro patient. More in accord with usual experience 
was the higher incidence in Negroes of enlarged hilar or mediastinal lymph 
nodes indicating a childhood type of disease. No lesion of this type was 
observed in a white patient, while 7 were found in Negro patients. 
The development of childhood type tuberculosis after puberty is appar- 
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ently uncommon in Philadelphia despite the increasing number of young 
adults who are tuberculin-negative. Since the incidence of positive 
tuberculin reactions in Philadelphia, as in most other areas of the United 
States, is higher in Negroes, it is difficult to consider these childhood 
type lesions as manifestations of first-infection tuberculosis. 

A distinct racial difference was evident in the results of the tuberculin 
test. Although 94 per cent of white patients and 96 per cent of Negro 
patients reacted to the initial small dose, marked reactions indicating 
high allergy were considerably more frequent in Negro patients, while 
weak reactions were more frequent in white patients. There appeared 
to be no relationship between severity of tuberculin reactions and type of 
infiltration, but severe reactions were common in patients of both races 
with minimal lesions and less frequent in patients with advanced disease. 
Hence the higher allergy of Negroes does not appear to explain their 
advanced disease. 

The high incidence of positive Kahn and Wassermann reactions in 
Negro patients apparently represents the true incidence of syphilis. The 
percentage with positive reactions did not vary with type or extent of 
tuberculosis, a fact indicating that false positive reactions were uncom- 
mon. The same high incidence of syphilis in patients with minimal 
proliferative tuberculosis and advanced exudative tuberculosis suggests 
that syphilis does not greatly affect the course of tuberculosis in Negroes. 

Negro patients in this series had a higher incidence of basal tubercu- 
losis and a greater frequency of complicating heart disease, but differences 
in the age of Negro and white patients, in their weight at the time of 
diagnosis, in the incidence of diabetes and tuberculous complications, 
and in the results of sputum examination were slight or inconstant. 

The clinical and roentgenological observations here reported confirm 
the presence of a group difference in the characteristics of tuberculosis 
among whites and Negroes. The differences observed, however, were 
probably less marked and less constant than are generally believed to 
exist. It should be recognized that the not inconsiderable number of 
Negro patients with proliferative or fibrotic lesions had a clinical course 
indistinguishable from the majority of white patients, while many 
white patients had acute tuberculosis indistinguishable in clinical mani- 
festations from the disease occurring in the majority of Negro patients. 
Although the mortality from tuberculosis was strikingly greater in Negro 
patients, it should be recognized that as many white patients with far 
advanced exudative lesions died of their disease as did Negro patients 
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with far advanced proliferative lesions, and the number was considerably 
larger than in Negro patients with advanced fibrotic disease. The prog- 
nosis of the individual patient appears to depend more upon the type of 
infiltration present than upon his race. 


SUMMARY 


1. A study was made of the clinical course and X-ray findings of 265 
white adults and 345 Negro adults diagnosed as having pulmonary 
tuberculosis at the Henry Phipps Institute from 1932 to 1937. 

2. Racial differences in the extent of disease at the time of diagnosis 
were relatively slight, but the lesions in two-thirds of Negro patients 
appeared exudative in character, while in the majority of white patients 
lesions were predominantly proliferative or fibrotic. 

3. The type of symptoms described, and the duration of illness prior 
to diagnosis were correlated with type of disease rather than with race. 
The close correspondence of duration of symptoms described by Negro 
and white patients with similar lesions confirmed the accuracy of his- 
tories elicited from Negroes, and indicated that Negroes were more often 
found with advanced disease because their lesions were acute in evolu- 
tion rather than because of neglect of symptoms. The lack of correla- 
tion between length of illness and extent of disease suggested that early 
diagnosis does not ensure detection of minimal lesions. 

4. Death from tuberculosis occurred more frequently and more rapidly 
among Negro patients than among white patients with similar lesions. 
The mortality rate varied widely with type and extent of disease, how- 
ever, as well as with race. The prognosis of the individual patient ap- 
peared to depend more upon the type of infiltration present than upon 
his race. 

5. Syphilis was much more frequently a complication in Negro pa- 
tients. The percentages of patients with positive Kahn reactions did 
not vary with type or extent of disease, indicating that tuberculosis 
was rarely responsible for falsely positive reactions. 

6. Acute miliary tuberculosis was equally uncommon in both races. 
A small number of Negro patients had tuberculosis with characteristics 
of childhood type lesions; no white patient had disease of this type. 

7. Negro patients reacted more strongly to tuberculin than did white 
patients with similar lesions. Severe reactions were more frequent in 
patients with minimal disease and weak reactions were more common 
in patients with advanced disease. 
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8. Negro patients less often than white patients gave a history of 
recent intimate contact with tuberculosis, and had a lower incidence of 
calcified childhood lesions. Basal tuberculosis and complicating heart 
disease were more common in Negro than in white patients. 

9. Differences between white and Negro patients in age and weight 
at the time of diagnosis, in incidence of tuberculous complications and 
of diabetes, and in the results of sputum examination were slight or 
inconstant. 
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TUBERCULOSIS IN THE AGED! 
A Statistical Study 
E. ROBERT WIESE 


Interest in tuberculosis of childhood and adolescent years has pre- 
dominated literature for several years past and has probably obscured 
the advantages of a study of the same disease in the other extreme of 
life. That the aged should lose weight, cough—and in not a few in- 
stances expectorate—has been generally accepted as a matter of course 
by nearly all, including most medical men, and perhaps blinded most of 
us to the possibilities of their being an important source of infection 
to the younger generation. The statistical study herewith presented 
was undertaken with the purpose of discovering some facts relative to 
the chronic diseases of the respiratory tract in the aged. 

After an arbitrary determination to use sixty years as the starting 
point of investigation, the case records of 100 male patients as well as 
of 35 female patients of sixty years of age and over were examined. 

Three thousand nine hundred and sixty-four White Haven Sanatorium 
records of male patients were reviewed in order to collect the data of 
100 male patients of the required age; in other words there was one 
male patient of sixty years and over to every 39.64 male patients in 
our records. The period extended from August 8, 1921 to May 15, 
1939 and indicates that an average of 5.64 males of an age exceeding 
fifty-nine years were admitted to White Haven Sanatorium each year 
during that time. 

The number of females of the required age admitted to the Sanatorium 
was by no means as great as that of the males, and a search of the records 
from April 25, 1905 to May 15, 1939 was necessary to unearth the much 
smaller number of thirty-five. The case numbers ran from 367 to 7013 
and reveal that an average of 1.026 females of the designated age entered 
the institution each year and that there were 189.88 female patients 
under sixty years of age admitted to every one over that age. 

For the purpose of analysis the cases were divided grossly into those 


1 From White Haven Sanatorium, White Haven, Pennsylvania. 
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whose records showed the presence of tubercle bacilli in the sputum 
(hereinafter designated as “‘positive”) and those whose records either 
indicated the absence of that bacillus in the sputum or stated that the 
patient did not expectorate at all (hereinafter designated as “‘negative’’). 

It was found that 59 of the 100 male patients had a positive sputum 
while 18 of the female patients were in the same category. 

The difficulties of imparting statistical information otherwise than by 
tables are too well known to require much discussion. Even at the best 
it is well nigh impossible to give complete and individual details except 


TABLE 1 
Ages of the patients in years 


100 MEN 


POSITIVE 
MEN (59) 


NEGATIVE 
MEN (41) 


35 WOMEN 


POSITIVE 
WOMEN 
(18) 


NEGATIVE 
WOMEN 


(17) 


60 
79 


60 
75 


60 
79 


60 
81 


60 
81 


60 
65 


63.2 


63.9 


63.8 


63.7 


64.1 


TABLE 2 


Duration of illness prior to admission in months 


100 MEN 


POSITIVE 
MEN (59) 


NEGATIVE 
MEN (41) 


35 WOMEN 


POSITIVE 
WOMEN 
(18) 


NEGATIVE 
WOMEN 
(17) 


Shortest period 
Longest period 


0.75 
360 


0.75 
360 


0.75 
366 


0.75 
366 


1 
216 


Average period 


32.2 


40.9 


54.7 


54.8 


43.7 


by tables without becoming very voluminous and in order to avoid this 
the results of our search are presented below. The privilege of com- 
menting upon the tables is, however, reserved. 


DISCUSSION 


Only a limited discussion of the tables will be attempted. The ap- 
proximate uniformity of the findings in table 1 is perhaps its most striking 
feature. Upon examination of table 2 comparisons of the longest dura- 
tion of illness prior to admission to the Sanatorium of the two sexes, 
either of the positive or the negative group, are obviously not justified 
as individuals only are involved and little significance may be attached 
to such figures. It is difficult, however, to explain why the average 
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Average age............-. 63.5 
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TABLE 3 
Social status of patients 


POSITIVE 
MEN (59) 


NEGATIVE 
MEN (41) 


POSITIVE 
WOMEN 
(18) 


NEGATIVE 
WOMEN 
(17) 


Married 


57 
(57%) 


35 
(59.3%) 


22 
(53.6%) 


10 
(28.6%) 


4 
(22.2%) 


6 
(35.3%) 


Single 


12 
(12%) 


8 
(13.6%) 


4 
(9.8%) 


9 
(25.7%) 


4 
(22.2%) 


5 
(29.4%) 


Widowed 


30 
(307%) 


16 
(27.1%) 


14 
(34.1%) 


15 
(42.8%) 


9 
(50%) 


6 
(35.3%) 


Separated 


1 
(1%) 


1 
(2.4%) 


1 
(2.8%) 


1 
(5.5%) 


TABLE 4 
Condition of patients upon discharge 


100 MEN 


POSITIVE 
MEN (59) 


NEGATIVE 
MEN (41) 


35 WOMEN 


POSITIVE 
WOMEN 
(18) 


NEGATIVE 
WOMEN 
(17) 


Improved 


41 
(41%) 


25 
(42.4%) 


16 
(39.0%) 


19 
(59.3%) 


9 
(50%) 


10 
(58.8%) 


Unimproved 


25 
(25%) 


13 
(22.0%) 


12 
(29.3%) 


+ 
(11.4%) 


2 
(11.1%) 


2 
(11.7%) 


Quiescent 


1 
(1%) 


i 
(1.7%) 


Arrested 


1 
(1%) 


1 
(2.4%) 


1 
(2.9%) 


1 
(5.9%) 


Dead 


32 
(32%) 


20 
(33.9%) 


12 
(29.3%) 


11 
(31.4%) 


7 
(38.9%) 


4 
(23.5%) 


TABLE 5 
Number of hospital days 


POSITIVE | NEGATIVE 
WOMEN (18) |WOMEN (17) 


NEGATIVE 
MEN (41) 


POSITIVE 


MEN (59) 35 WOMEN 


100 MEN 


Shortest period 1 1 5 
Longest period 1,087 715 325 


Average period 169.3 109.2 


163.8 


= 
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TABLE 6 


Lesions present in patients* 


100 MEN 


POSITIVE 
MEN (59) 


NEGATIVE 
MEN (41) 


POSITIVE 
WOMEN 


(18) 


Left infiltration 
Left consolidation 
Left cavitation 
Left fibrosis 

Right infiltration 
Right consolidation 
Right cavitation 
Right fibrosis 


59 42 
23 16 
22 17 
12 8 
50 33 
32 23 
43 21 
13 8 


17 
7 
5 
4 

17 
9 

22 
5 


13 


* These lesions occurred, for the most part, in combination. 


TABLE 7 
Principal occupations, marital state and condition upon discharge of female patients 


OCCUPATION 


POSITIVE 


NEGATIVE 


Marital state 


Condition on 
discharge 


Marital state 


Condition on 
discharge 


yarated or 
ivorced 


| 
mw | Improved 


arated or 
vorced 


Se 

di 
~ | Improved 
| Unimproved 


TABLE 8 


Principal occupations, marital state and condition upon discharge of male patients 


OCCUPATION 


POSITIVE 


NEGATIVE 


Marital state 


Condition on 
discharge 


Marital state 


Condition on 
discharge 


Stone cutters. ... 


arated or 
ivorced 


no | Improved 


arated or 
vorced 


| Unimproved 


Se 
| 
| Improved 


213 i 
—| 
22 |_| 9 
5 4 1 
3 2 1 
22 15 7 
Pere 7 4 3 
| 
Qa 
3 £/313 3 
Housewife......| 9 | 3 5 | 21 2 
Housework.....| 4 | 1] 3 2 1 1 1 1 
1 1 | 
| 
Qa 
3 3 3 
ae sialals |. 
2 4 | 6| 11) 2 7 
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duration of illness prior to admission of the positive women should be 
practically double that of the positive men when one would anticipate 
the reverse from an economic standpoint if for no other reason. 

Tables 3 and 4 also offer some striking figures, for example the marked 
discrepancy between the percentage of married positive men and positive 
women, as well as the difference between the percentages of the widowed 
males and females whose sputum showed the presence of Koch’s bacillus. 
We hesitate, however, to enter into too close an analysis or to become 
involved in a discussion of a problematical nature. 

Because of the location of the White Haven Sanatorium in the heart 
of the anthracite mine region of America the study of anthracosilicosis 
has always been of the greatest importance to the staff of this institution. 
It was of interest, at least to us, to discover in table 8 that only 7 (12 
per cent) of the positive men were miners while 20 (49 per cent) of the 
negative men had followed that same occupation. The death rate of 
the positive miners, however, was greater than that of the negative 
miners, 57 per cent as opposed to 35 per cent, a not unexpected finding 
when one bears in mind that in these cases pulmonary tuberculosis was, 
in all probability, a complication of the anthracosilicosis present in both 
the positive and the negative miners. 

It is not possible with our present facilities to fully investigate the 
economic importance of the figures we obtained. It must not be for- 
gotten that all of our records were those of persons of sixty years of age 
orover. Of the 77 positive patients, 64 were either married or widowed. 
It is reasonable that a normal proportion of these had been in more or 
less close touch with their children or grandchildren and that all of them 
had been in the usual contact with children in general since the onset of 
their disease. It is impossible to estimate what damage they have done 
in the way of spreading tuberculosis among a generation younger than . 
themselves. That, to our mind, is the all important question to be 
considered. It is to be hoped that the generally accepted opinion that 
all elderly persons must cough and that such coughing is without danger 
to those about them will soon be changed and that all elderly persons 
with a chronic cough, with or without sputum, will be subjected to as 
rigorous an examination as a younger person. Today geriatrics is a 
rapidly developing branch of medicine; undoubtedly within the near 
future it will be as exact a specialty as pediatrics and it is reasonable to 
assume that one of its major problems, at least from a prophylactic 
standpoint, will be tuberculosis in the aged. 


TUBERCULOSIS OF THE SPINE! 
A Clinical Study of 203 Patients from Sea View and St. Luke’s Hospital 
MATHER CLEVELAND? 


The vertebral joints are invaded by the tubercle bacillus more often 
than all other joints combined. In aseries of 330 joints treated surgically 
for tuberculosis, recently reported from Sea View Hospital, the spine was 
involved in 173, or 52.4 per cent (see table 1). Such reports on joint 
tuberculosis as have hitherto been issued from Sea View Hospital (1, 2, 3) 
have emphasized the fact that invasion of a joint by tuberculosis is only 
one of many manifestations of the disease and that the patient must be 
carefully studied with all means at our disposal to determine if possible 
how extensive is this invasion. 

The study of joint tuberculosis, by analyzing groups of joints such as 
knees, hips, spines, etc., erecting vertical barriers between these groups 
which do not exist, has frequently failed to emphasize the main problem, 
that is, the patient in relation to the disease, tuberculosis. The only 
excuse for such grouping is that there are certain technical differences in 
the surgical treatment of these various joints. 

The material for this study consists of 173 patients from Sea View 
Hospital and 30 patients from St. Luke’s Hospital, a total of 203 patients, 
over a fifteen-year period from 1924 to 1939. The Sea View series 
terminated in 1935 and the St. Luke’s series in 1938. The loss of patients 
from follow-up study at Sea View has always been a serious problem, but 
the information regarding the smaller group from St. Luke’s is very com- 
plete as only 3 of the 30 patients cannot at present be located, though each 
was followed for a time sufficiently long to give an end-result rating. It 
is purposed to study the two groups as a whole and to offer any points 
of contrast that may be of interest. 


1 Presented at a joint session of the Pathological and Clinical Sections at the 35th annual 
meeting of the National Tuberculosis Association, Boston, Massachusetts, June 27, 1939. 
2 115 East 61st Street, New York City. 
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MULTIPLE JOINT INVOLVEMENT 


Of the 173 patients from Sea View, 30 had an additional joint, aside 
from the spine, invaded with tuberculosis, while only 1 of the 30 patients 
from St. Luke’s showed multiple joint lesions, a total of 15.2 per cent for 
the 203 patients. As a rule, patients with multiple joint involvement 
show higher than average mortality and lower than average excellent 
results. 


TABLE 1 
Relative frequency of invasion of the various joints in a series of 330 joints invaded by tuberculosis 
(Previously published) 


NUMBER 


Weight-bearing joints 
i 173 
57 
35 
23 
16 


Os 


> 


Non-weight-bearing joints 
Shoulders 
Elbows 
Wrist or carpal joints 


At Sea View there were 104 males and 69 females with tuberculosis of 
the spine, while at St. Luke’s there were 15 males and 15 females, making 
a total of 119 males and 84 females, 58.6 per cent and 41.4 per cent re- 
spectively. This seems to be a significant difference and may be related 
to the fact that among adults a large number of the males are engaged in 
heavy work with consequent trauma to the spine. 


AGE 


The St. Luke’s group was definitely younger with 50 per cent under 
twenty years of age, while the Sea View group had but 34 per cent under 
twenty. The high incidence in the third decade should be noted (see 
table 2). 
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PATIENT IN RELATION TO HIS TUBERCULOSIS 


Our experience with joint tuberculosis has led us to the firm conviction 
that the patient’s fate depends upon the nature and extent of his infec- 
tion with tuberculosis and his reaction to the disease. In 1935 I suggested 
a classification of these patients (2) and more recently rearranged this 
classification in order of the extent of the disease progressing from min- 
imal to maximal involvement (3). This is not presented in any sense 


TABLE 2 
Age incidence in patients with tuberculosis of the spine 


SEA VIEW HOSPITAL ST. LUKE’S HOSPITAL 


1 


as the final word, but we have found it extremely useful. There are 
four groups, as follows: 


A: Patients with no evidence of pulmonary tuberculosis. 

B: Patients with pulmonary tuberculosis, negative sputum, with no metastatic 
spread to other organs. 

C: Patients with pulmonary tuberculosis and positive sputum. 

D: Patients with pulmonary tuberculosis, negative sputum, with metastatic 
spread to other organs (see table 3). 


Group A, which is easily recognizable, consists of 71 patients with 
tuberculosis of the spine with no evidence of pulmonary disease. The 
mortality was 11.2 per cent and deaths in this group occur usually from 
prolonged suppuration with attendant amyioid disease. 

Group B consists of 56 patients who showed evidence of arrested 
pulmonary disease by physical examination and roentgenograms. Dur- 
ing their hospital stay they have always had negative sputum examina- 
tions. The mortality in this group is 7.2 per cent. 

Group C consists of 45 patients who have had positive sputum at some 
time or throughout their hospital stay, active pulmonary disease. They 
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21-30 50 4 54 
31-40 28 4 32 
41-50 23 3 26 
51-60 10 3 13 
Over 60 2 0 2 
173 | 30 203 
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show a group mortality of 40 per cent. The first 25 patients in this 
group had a mortality of 47 per cent, while the next 20 showed a drop 
to 35 per cent. This improvement is associated with recent advance in 
collapse therapy in pulmonary tuberculosis. 

Group D consists of 31 patients who developed metastatic spread of 
their disease to other organs with a mortality of 67.7 per cent. They 
had negative sputum but showed physical signs and roentgenographic 
evidence of pulmonary disease. The patients in this group are usually 


TABLE 3 


Mortality in relation to extent of systemic tuberculosis infection in 203 patients with tuberculosis 
of the spine 


SEA VIEW HOSPITAL ST. LUKE’S HOSPITAL ENTIRE GROUP 


per cent 


A. Patients with no evidence of 
pulmonary tuberculosis. . 13.2 

B. Patients with pulmonary 
tuberculosis and negative 
sputum with no meta- 
static spread to other 
organs 

C. Patients with pulmonary 
tuberculosis and positive 
sputum 

D. Patients with pulmonary 
tuberculosis and negative 


sputum with metastatic 
spread to other organs...| 30 | 20 | 66.6 100 31 | 21 | 67.7 


overwhelmed by the disease and are apt to succumb. There is apt to be 
invasion of the genitourinary tract, the gastrointestinal tract, the lymph 
nodes and often, ultimately, miliary tuberculosis. Some of these pa- 
tients have multiple joint involvement. There is no certain means of 
foretelling patients in this group. Once they have declared themselves, 
however, it is foolhardy to attempt any surgery. We have often seen 
patients develop such metastatic spread before any surgery was done. 
We are convinced that the surgery per se does not play a part in the 
dissemination. 

Since groups A and B show a combined mortality of 9.4 per cent, while 


5 | 2/8/23] 2 

| | A| a2 

per cent per cent 

18 1 5.5] 71 8 | 11.2 

6 0 0 56 + 7.2 

| 5 2 40 45 | 18 | 40 


TUBERCULOSIS OF THE SPINE 219 


groups C and D show a mortality of 51.3 per cent, it is obvious that the 
success or failure of treatment of any type in a given series of patients 
will depend upon which groups form a majority of that series. 


DURATION OF SYMPTOMS 


This varied from six months to thirty-seven years, an average for the 
entire 203 patients of three years and three months. It is very rare 
indeed that these patients are recognized within six months of onset and 
it takes a very much longer period of time than that for them to come 
under the care of an orthopaedic surgeon. Only 15 per cent of the Sea 
View patients were admitted within a year of onset, while in the much 
smaller series at St. Luke’s 50 per cent were seen within a year and 
16 per cent were seen and treatment commenced within six months 
of onset. 


DIAGNOSIS 


The diagnosis was made by physical examination and by roentgeno- 
gram. ‘The patient who has had the disease for a year or more usually 
presents no problem whatsoever. Backache or root pain, muscle spasm, 
tenderness and slight kyphos constitute the classic picture of tuber- 
culosis of the spine. The roentgenogram which accompanies this clinical 


entity shows a thin joint space between two vertebral bodies progressing 
to actual destruction of the adjacent vertebrae with abscess formation. 
This type of tuberculosis of the spine is widely known and usually recog- 
nized, though it is interesting to recall a fair number of gallbladders 
that have been removed for root pain due to midthoracic Potts disease, 
and also a number of hernias and retroperitoneal tumors which on ex- 
ploration have been found to be psoas abscesses. In each of these 
instances a roentgenogram of the adjacent spine would have revealed 
the lesion. 

There are quite definitely other types of invasion of the vertebral 
bodies by tuberculosis which are at considerable variance from the classic 
picture and form a baffling diagnostic problem. The following instance 
is cited. 


Case 1: P. R., a man who entered Sea View Hospital in 1928 complaining of 
pain in the left shoulder and arm, fever and night sweats. The original roent- 
genogram, which has been destroyed, shows a long paravertebral abscess with 
no apparent focus of vertebral disease. He developed a paraplegia and died 
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within a few months. The autopsy showed miliary tuberculosis of lungs, 
liver, spleen and peritoneum and an enormous paravertebral abscess of the 
cervical and thoracic spine and tuberculous osteitis of almost every vertebra 
from the lower cervical to the twelfth thoracic vertebra. An abscess posterior 
to the bodies of the eighth to twelfth thoracic vertebrae compressed the spinal 
cord. (See case 1.) 


PATHOLOGICAL DIAGNOSIS 


Since the vertebral body, the site of the disease, is distant from the 
laminae and spines which are exposed operatively, a tissue diagnosis 
of tuberculosis of the spine is rare. In approximately 10 per cent of 
these 203 patients, excised tissue or exudate from an abscess gave posi- 
tive proof of the diagnosis. Suppurative osteomyelitis of the spine is 
occasionally encountered, but the differentiation between it and tuber- 
culosis usually offers but little difficulty. 


AREAS OF THE SPINE INVOLVED 


These 203 patients showed that the overwhelming majority of the 
lesions are found in the lower thoracic and upper lumbar spine with 
occasional but rarer involvement of the cervical and upper thoracic 
spine. There was one instance in which the first and second sacral 
vertebrae were involved. Chart 1 expresses graphically the incidence 
of vertebral involvement. 


PARAPLEGIA 


The most important complication of tuberculosis of the spine is 
paraplegia. Sir Percival Potts, in 1779, wrote ‘Remarks on that kind 
of palsey of the lower limbs which is found to accompany curvature of 
the spine and is supposed to be caused by it.” This paper first called 
attention to the disease which frequently bears the author’s name. 


Case 1. Photographs of the gross specimen and roentgenogram of the washed specimen 
show an abscess extending from the seventh cervical to the twelfth thoracic vertebra. There 
is a notching of the seventh and tenth thoracic vertebrae and a mottling of some of the verte- 
bral bodies and sclerosis of most of them. This patient, with overwhelming invasion of the 
spine, could not be clinically diagnosed. No treatment would have availed. 

Case 2. J. S., St. Luke’s #120540, 1937, a young woman of 23 years who had a spine 
fusion at Sea View Hospital, T6 to T11 inclusive, in 1935. Complained of pain in the chest 
and showed tenderness at the center of the fusion area. Admitted to St. Luke’s Hospital 
for repair of pseudoarthrosis. Roentgenogram of February 4, 1937 shows massive fusion 
with a definite pseudoarthrosis at the apex. 
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The cord pressure is caused by an extradural abscess. It varies from 
slight spasticity with hyperactive reflexes to complete paralysis with 
anaesthesia and loss of control of anal and urinary sphincters. It occurs 
in all age groups. There were 48 patients of these 203 who showed 
evidence of cord pressure; of these, 17 had mild or incomplete pressure 
which cleared up rather quickly with rest in bed. The 31 who had 
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Cuart 1. Vertebrae involved in this series of 203 patients operated upon 


serious cord pressure with complete paraplegia presented a-graver prob- 
lem. Thirteen of these 31 developed before operation and 18 afterward. 
Prior to 1930 at Sea View Hospital, laminectomy was performed on 
11 patients with paraplegia. Six of these patients treated surgically 
for their cord pressure recovered their motor power while 5 did not and 
later died of their disease. These laminectomies were combined with a 
fusion or performed through a fused area. There were one or two in- 
stances of dramatic recovery within a few days following laminectomy. 
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Of these 31 completely paralyzed patients, 17 recovered their motor 
power and survived their disease. Of the 14 who failed to recover from 
the paraplegia, all but one have died of their disease, which makes a 
mortality of 42 per cent for those patients who develop complete para- 
plegia, a definitely serious complication. Our present treatment of 
paraplegia is spine fusion and prolonged bed-rest. If the patient belongs 
in one of the favorable groups he will probably recover. The graph 
showing the incidence of the vertebrae involved in the 48 patients with 
paraplegia should be contrasted with the graph of the total incidence of 
vertebral involvement. The apex of involvement for these paraplegia 
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Cuart 2. Vertebrae involved in those 48 patients developing paraplegia 


patients is at the seventh and eighth thoracic vertebrae, and this compli- 
cation is found for the most part in patients with disease of the thoracic 
spine. (See chart 2.) 

ABSCESS 


Paravertebral, mediastinal or psoas abscesses are present in a very 
high percentage of these patients. In the 173 patients from Sea View, 
abscess was noted in 68 per cent. Because of this high frequency, the 
30 St. Luke’s patients were carefully checked clinically and by roentgeno- 
gram. Only 7 out of the 30, 23 per cent, had clinical evidence of an 
abscess, while 23 out of the 29 whose roentgenograms were available had 
definite roentgenographic evidence of an abscess. Two others, who 
during life showed no evidence, clinically or by roentgenograms, of an 
abscess, at postmortem showed an abscess. Thus, 86 per cent of the 
St. Luke’s patients had suppuration as part of the disease. 
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SINUSES 


Sinuses were present in 22 per cent of the Sea View patients, and these 
showed a mortality of over 50 per cent. At St. Luke’s only 4, or 13 
per cent, of the patients had sinuses and of these, 3 recovered, healed 
their sinuses and had excellent results, and one died. Those 3 patients 
who recovered were in group A, so again it comes to the fact that the 
patient’s fate depends upon the group to which he belongs. 


SPONTANEOUS FUSION 


The spine is the only joint invaded by tuberculosis which tends to 
fuse spontaneously. This condition was noted at operation in 48 of 
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Cuart 3. Spontaneous fusion, showing in a total of 48 jpatients the relation between 

vertebrae involved in the disease and those spontaneously fused. The broken line desig- 
nates the vertebrae spontaneously fused, while the continuous line designates those involved 
by the disease. In some areas it is seen that those vertebrae spontaneously fused exceed in 
number those actually involved by the disease. This shows the attempt to repair what 
the disease has destroyed. The total number of vertebrae spontaneously fused is less than 
the number of vertebrae involved by the disease. 


these 203 patients, or 23.6 per cent. The average duration of the dis- 
ease in those patients who have developed spontaneous fusion was six 
years and nine months, which was over twice as long as the average 
duration for the entire series. Clinically, those patients with spon- 
taneous fusion fall into two groups. The larger group comprises those 
patients with a long sharp kyphos with great destruction of vertebral 
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bodies which revealed at operation a spontaneous fusion of five or six 
vertebrae, and then the smaller group with a gradual kyphos and a 
spontaneous fusion of two or three vertebrae. The longest spontaneous 
fusion was twelve vertebrae, and there was one of eleven and two of ten 
vertebrae. A study of chart 3 reveals that those 48 patients with 
spontaneous fusion had a total of 240 vertebrae involved by the disease 
and a total of 226 vertebrae spontaneously fused, so the disease was 
ahead of the repair though in certain instances the spontaneously fused 
vertebrae were outside of the area of the disease. This, of course, 
indicates an effort to remedy a bad mechanical situation in the spine 
following massive destruction of vertebral bodies. This phenomenon 
furnished the inspiration for the surgical treatment of this disease. 
Nature works slowly and with great deformity. Those patients who 
develop spontaneous fusion have had their disease for many years and 
are as a group fairly resistant to it. In spite of nature’s effort to repair 
the damage, their spines are not adequately protected, and only by the 
operative addition of vertebrae above and below may it be expected to 
arrest the disease by adequate immobilization. 
TREATMENT 

The surgical treatment of these 203 patients has been spine fusion 
of the Hibbs type with a number of minor variations in technique. We 
have frequently reinforced the fusion with bone from the tibia or ilium. 
Fusion of the spine aims to secure early and adequate immobilization 
of the diseased area by a solid bony brace. This follows completely the 
universally accepted theory of the treatment of general tuberculosis, 
that is, rest. Because of inability to detect by roentgenogram very 
early manifestations of vertebral invasion, it is preferable to extend the 
fusion from two apparently uninvolved vertebrae above to two similar 
vertebrae below the area of disease. This is supplemented by a period 
of prolonged bed-rest up to twelve and eighteen months after operation. 
A plaster jacket or brace helps to insure certainty of fusion. All the 
various forms of supportive therapy have been employed and are of 
unquestioned value. 


FAILURE OF FUSION OR PSEUDOARTHROSIS 


The technical results of spine fusion operations for tuberculosis must 
be carefully evaluated. Only with solid bony fusion can the patient be 
freed from pain, and only under such circumstance can he be safely 
allowed to resume a normal life. 
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CasE 3. P. M. C., St. Luke’s * 104-544, a little girl of 2} years whose earliest roentgeno- 
gram showed a thin joint space between L3 and L4. She had five months in bed prior to 
spine fusion, L1 to L5 inclusive, in October, 1934, and eighteen months bed-rest after opera- 
tion. The roentgenograms show the earliest lesion in 1934, and a series of lateral views show 
the progress and recession of the disease and the abscess. The final roentgenograms and 
photograph show the situation five years after onset of the disease. This patient has been 


without symptoms since a few months after operation. 
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There were 15 of the 203 patients who had a definite pseudoarthrosis 
which was repaired, 7.4 per cent. Among the 173 Sea View patients, 
there are 13, or 7.5 per cent, whose follow-up records will not allow us 
to class their fusion as other than unknown. The much smaller St. 
Luke’s series, where the result of each is known, shows 3 pseudoarthroses 
which have been diagnosed and repaired, 10 per cent. In the entire 
203 patients, there were successful fusions at the first operation in 176 
cases, or 86.6 per cent, known failure of fusion which was repaired in 
7.4 per cent, and the remaining 6 per cent are unknown. It is likely that 
about 10 per cent incidence of pseudoarthrosis is apt to occur with 
surgeons of large experience, and with those whose experience is limited 
this percentage of failure of fusion is bound to be higher. (See case 2.) 


FUSION IN CHILDREN OR INFANTS 


It has been argued that fusion of the spine is suitable treatment for 
adults but that for children it should be deferred. There is nothing in 
our experience to justify such argument, while there is much to refute it. 
Forty-three of the total 203 patients, or 21.3 per cent, were in the first 
decade of life (see table 2) and they had a low mortality, 9.3 per cent 
(see table 5). Of these 43 patients, 13 were under five years of age, 
and here are found some of our very best results. Fusion in these young 
children saves them years of hospitalization during a very important 
period of their lives. It retards the deformity though in the thoracic 
spine it will not prevent a kyphos. This deformity tends to increase 
until the diseased vertebrae settle into contact with sound vertebrae 
above and below. 

The fusion does not retard growth as may be seen by careful study of 
roentgenograms. We have kept careful measurements of the growth of 
our very young children at St. Luke’s Hospital and find that their loss 
in growth varies with the amount of vertebral destruction. The average 
rate of growth for 5 of our children, operated upon before the age of 
five years, is a little over 2 inches per year for a four and one-half year 
period. The average for normal children of the same age is just under 
two inches per year. (See case 3.) 


END RESULTS 


See tables 3, 4 and 5. 
Any attempt to be dogmatic about end results in joint tuberculosis 
is dangerous. Our treatment aims to help the patient arrest his disease 
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and it is very frequently successful, but there are many disappointments 
awaiting surgeons who undertake the care of these patients. The dis- 
ease is insidious and chronic to an extreme degree and may become active 


TABLE 4 
End results of tuberculosis of the spine, 203 cases 


AVERAGE TIME AFTER 
OPERATION 


RATING PATIENTS PER CENT 


173 cases from Sea View Hospital 
Excellent 3y months 
y months 
months 
30 cases from St. Luke’s Hospital 
(Follow-up four years for 20 
cases) 
Excellent 4 years 7 months 
Uncertain 2 years 7 months 
Total (203 cases) 
Excellent......... j 55: 3 years 10 months 
Uneoertam......... d 2 years 6} months 


TABLE 5 


Analysis of deaths in relation to age 


ST. LUKE’S HOSPITAL SEA VIEW HOSPITAL ENTIRE GROUP 


DECADE N Mortal | ined Mortal | Mortal 
patients patients patients 
per cent | per cent | | per cent 
1-10 10.0 3: 3 | 9.0 : | ae 
11-20 16.6 29.6 33 | | 27.2 
21-30 0 5 | 32.0 54 | | 29.6 
31-40 25.0 | 2.5 28.1 
41-50 ; 0 : | 30.4 | 26.9 
51-60 d 33.3 : 50.0 Ss | 46.1 


Over 60 0 


13.3 47 


after years of quiescence. Our classification of end results which has 
previously been published will be adhered to: 


A. Excellent: Patients with solidly fused spines but with no active pulmonary 
disease, who have left the hospital to resume a relatively normal life. 


1 
es 2 0 0 2 0 0 
Total.......| 30 4 27.1 | 203 51 25.1 


230 MATHER CLEVELAND 


B. Uncertain: Patients with solidly fused spines but with active pulmonary 
disease or prolonged suppuration or metastatic spread. Some of these are still 
hospitalized while many have left the hospital but there is no feeling of security 
for their future. 

C. Died: Of this group there is no uncertainty. 


The end result rating of these 203 patients will be seen in table 4. 
There were 55.7 per cent excellent results followed almost four years, 
19.2 per cent uncertain and 25.1 per cent who died. The smaller series 
from St. Luke’s Hospital shows 63.4 per cent who had excellent results 
followed for over four and one-half years and a much lower mortality, 
only 13.3 per cent. We had 2 patients at St. Luke’s Hospital who died 
over three years after operation of unrelated causes, one of general 
peritonitis following appendicitis and the other of carcinoma of the 
stomach. These both had excellent results as far as the tuberculosis 
of the spine was concerned. 

The low mortality of only 13.3 per cent in the St. Luke’s series was 
due to the fact that 80 per cent of these patients were in groups A and B, 
while the mortality at Sea View was 27.1 per cent because only 60 per 
cent of the 173 patients were in the same favorable groups. Analysis of 
table 3 reveals that groups C and D, comprising only 37.5 per cent of 
the total number of patients, furnished 76.5 per cent of the mortality. 

The mortality in relation to age, as shown in table 5, shows a low 
death rate for children and infants. There is a high incidence and a 
high death rate in the third decade. The sixth decade, which showed 
the highest mortality, is too small a group to allow us to state with cer- 
tainty that this decade is the most dangerous. 

There seems to be a definite relationship between mortality and the 
area of the spine involved. Those patients with involvement of the 
lumbar spine showed the highest mortality, 31.9 per cent, followed 
closely by those in the thoracolumbar spine, 28.5 per cent, with an 
average mortality for the rest of the spine of 20 per cent. 


SUMMARY 

Tuberculosis of the spine comprises over 50 per cent of all joint tuber- 
culosis. In this series of 203 patients, 64 per cent of the incidence was 
in the first three decades of life with a mortality of 29.6 per cent in the 
third decade. We therefore feel that this is a disease of the young with a 
high mortality. 

The fate of the patient depends upon the nature and extent of his 
disease, and a classification into four groups has again been presented 
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and defined. The patients in groups A and B showed a combined 
mortality of 9.4 per cent, while those in groups C and D showed a mor- 
tality of 51.3 per cent. The patient with metastatic spread of his dis- 
ease, if it has declared itself, should not be considered as a candidate for 
surgical treatment. 

The patient with active pulmonary disease may be controlled with 
collapse therapy for his pulmonary lesion and surgery can be safely 
attempted. 


Case 4. J. O’C., St. Luke’s #97427, a young man 27 years of age who complained of low 
backache with definite spasm. Roentgenogram of March 3, 1933 showed a thin joint space 
between L3 and L4. Spine fusion from L2 to sacrum was done April 28, 1933. He devel- 
oped a psoas abscess which was aspirated in the thigh and healed within six months. The 
roentgenogram of March 23, 1933 shows the earliest indication of the disease; November 2, 
1933 shows progressive destruction of the two involved vertebrae; December 22, 1936 shows 
solid bony fusion from L2 to sacrum with healing in the diseased vertebral bodies. 


Surgical treatment in this disease aims to accomplish early what 
nature takes many years to accomplish, and then only with serious 
deformity. 


Surgery, we feel, definitely shortens the course of the disease and 
promotes the healing of the lesion. (See case 4.) It returns 55.7 per 
cent of these patients to their homes within twelve to eighteen months 
as excellent results. We are uncertain about the outcome of 19.2 per 
cent, and 25.1 per cent have died. 
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TUBERCULOSIS CONTROL! 
Interpreting Its Modern Methods to the Public from the Official Point of View 


HENRY F. VAUGHAN? 


The means used in providing public information for the control of 
tuberculosis are similar to those employed in other public health adven- 
tures. The choice and extent of such educational service encouraged 
and utilized by the official health agency vary with the length to which 
local public health facilities have been developed, and this in turn is 
directly related to the degree of health consciousness possessed by the 
public. Local health service does not long remain above the level of 
public demand. Emotional stimulation may temporarily create com- 
munity health facilities, especially under the impetus of an epidemic, but 
lay interest disappears and health funds shrink to insignificance for want 
of a well conceived program of health education. Public understanding 
and support do not come by chance; they are the result of careful long- 
term planning. 

The procedures employed to engender public backing for the tuber- 
culosis control program will differ from the virgin rural field to the highly 
departmentalized urban health department where common opinion has 
already placed health high in the order of essentials of good government. 
Notwithstanding the difference in technique for the area with no previous 
health organization and that comfortably supported by a health-minded 
public, the underlying principles of procedure are identical for the two 
extremes and all that lie between. 

Our first task, whether we serve the unofficial tuberculosis society or 
the official health department, is to cultivate lay respect and financial 
support for our organization, that we may purchase the services of per- 
sonnel trained and experienced in health administration, education, 
nursing, vital statistics and other health specialties. The techniques 
used here may be quite different from those later employed to sell the 


1 Presented at a joint session of the Social Work and Administrative Sections at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 27, 
1939. 

2 Department of Public Health, Detroit, Michigan. 
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individual layman interest in his participation in tuberculin tests, X-ray 
examinations, protective treatments, physical and mental health. The 
latter implies a self-interest in individual or familial health; the former 
may appeal only to community vanity and pride for the herd. The tools 
of education—press, radio, drama, printed or spoken word, visual or 
auditory—may be the same for either situation, but the manner of 
employing the tools may change completely. 

May we assume that common consent includes among the modern 
methods of tuberculosis control: (/) adequate case-finding facilities, 
especially for the minimal case; (2) treatment for all types with special 
attention to the minimal arrestable case and the open infectious, sputum- 
positive case isolated in hospital, sanatorium or under suitable home 
conditions; (3) follow-up care and rehabilitation of those who have 
taken the cure; (4) informative health education so that the public 
may realize that tuberculosis control is their problem, that the combat 
is the people’s fight against a people’s plague, that lay participation is 
needed and the struggle with the tubercle bacillus cannot be left entirely 
to their chosen health men. 

May we agree that to fulfill the needs of such control program we must 
have public organization, expressed in terms of a good local health depart- 
ment, or a good tuberculosis society, or both. There is need for each; 
they are complementary. The society serves where the health depart- 
ment is found wanting, is a nonentity or lacks modern facilities; the 
society may take the lead in the creation or strengthening of the official 
agency, it should ever be a stimulating and prodding influence keeping 
the health officer alert and progressive, using a cheerful word when indi- 
cated, free with criticism when deserved. Agreed, that we must have a 
modern type of whole-time public health organization, with or without 
the tuberculosis society! It may be necessary to start at scratch, with 
no health department at all, or, worse still, we may encounter a health 
officer immeshed in political vicissitudes which have relegated his depart- 
ment to the level of the garbage heap. He needs help. After all, he is 
the official custodian of the health destiny of his community. If you are 
a tuberculosis society worker, do the best you can with him, and if failure 
dogs your footsteps, either he or you should be ousted from the position 
held. There must be co6érdination of mutual interests. Through tactful 
leadership the tuberculosis society executive may pave the way, fill in 
the gaps, stimulate action along the lines of modern tuberculosis control. 

No reasonable beginning can be made without first studying the local 
tuberculosis situation, the death rate and adequacy of case reporting in 
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relation to geographic area, race, sex, color, social and economic condi- 
tions, housing, nutrition, etc. Precise and reliable data may not be 
readily obtained for all of these variables but it is essential to at least 
know something about the local prevalence of tuberculosis, the trend 
of incidence over a period of time, the willingness of the medical pro- 
fession, social agencies and the public to codperate in discovering the 
more important sources of infection and contributing factors. In many 
northern cities it has been discovered that the trek from the rural 
south to the industrialized north has introduced large groups of indi- 
viduals who are not attuned to the rigors of the northern climate, who 
live under poor housing conditions deprived of adequate light and sub- 
jected to severe overcrowding and exposed to industrial environment 
which predisposes to lung disease. Significant to the statistician is the 
fact that it is the young adult who has thus migrated at a time of life 
when tuberculosis is most prevalent among both sexes. It is not sur- 
prising that the tuberculosis death rate among such people is found to 
be anywhere from five to twenty times higher than in the more stable 
and settled portions of these northern cities and counties. Fortified 
with such analytical material we can then map out our control program 
and select with reasonable satisfaction and confidence the techniques 
and tools to be employed. If one of our cities is ravaged with the 
pestilence of smallpox, we focus our protective procedures upon those 
areas which have become the fever nests from which disease spreads. 
We should do likewise in the control of tuberculosis. Search for the 
breeding places of disease; ferret out the foci of infection; pour your 
reserves of health men and women into such places; choose your educa- 
tional means so as to stimulate codperation from the people who live 
in this area. When this is done significant results will be obtained in 
reducing the prevalence of tuberculosis. The decline of the death rate 
may be as spectacular as the gains recorded in the successful fight against 
diphtheria or in the reduction of deaths from diarrhoea among infants. 

It will be stated with reason that education and codperation will be 
unproductive without the establishment of such local facilities as a health 
department, hospitals, clinics, open air schools, rehabilitation projects, 
etc., and with this we are all in accord. However, even these essential 
facilities are not forthcoming without health education as it takes an 
enlightened public to provide the wherewithal to build hospitals, to 
maintain clinics, to compensate physicians for case-finding studies and 
to establish a health department. 

Assuming that the local statistical and social study has been made, the 
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modern methods of tuberculosis control should be interpreted to the 
public through such individuals and agencies as have a social viewpoint, 
which can demand public interest and respect, and which are known for 
their tactfulness in stimulating codperation between the tuberculosis 
society, the health department, the medical profession, the educators 
and the laity. There is no universal rule for the selection of the per- 
sonality around which the health information program should be con- 
structed. In one small town it was the garage mechanic who became a 
county supervisor, a member of the health committee and the prime 
mover in the establishment of a county health department. In another 
city it was the civic-minded minister with the friendly physician who 
through the council of churches and the county medical society under- 
took to build up a public health consciousness which resulted in the 
construction of a sanatorium for the isolation of the infectious case and 
the participation of the physicians in an effective case-finding program. 
Again, in a large metropolitan city, it was the owner of the leading news- 
paper and radio station who formed the centre of activity, who contrib- 
uted freely by column inches and radio dramatization constructed 
around a popular author and his books, so that the man of the streets 
might understand his tuberculosis problem and what he himself must do 
to protect the health and well-being of his family and household. Choose 
a medium which will stimulate the use of preventive medical services, 
provide for the instruction of special groups who because of their high 
tuberculosis death rate are your particular concern, and assist in the 
support of your health and social agencies including the tuberculosis 
society, the health department, the schools and recreational facilities. 
Remember that success from our viewpoint depends not on how much 
information is distributed but how behavior is influenced. Tons of 
printed matter, hours of radio dramatization, reels of visual education, 
improperly used may completely fail in stimulating tuberculin tests and 
X-ray examinations for people in families where a tuberculosis death 
has recently occurred, who live in our slum areas with the high death 
rates or are engaged in occupations which predispose to infection. As 
a rule people do not wish to be educated and yet it is our task to tact- 
fully change their health habits so that they will succumb to the modern 
means of tuberculosis control. Even the friendly family physician must 
be prepared so that he understands that the stethoscope is no longer the 
accepted means of discovering the early case. He must be taught that 
minimal tuberculosis is found by roentgenological examination of the 
chest, usually preceded by the tuberculin test as a means of screening out 
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the suspects. Refresher courses, postgraduate instruction, carefully 
planned periodic visits by a health coérdinator to the family physician’s 
office, instruction for medical undergraduates are effective means of 
acquainting the physician with the part which he should play in the 
modern tuberculosis case-finding program. The means employed to 
reach the public are too numerous for citation at this time—suffice it to 
say that the printed and spoken word, coupled with visual education, 
have effectively added to health knowledge. In addition to these tools 
of popular health education, the individualized informative service of 
the friendly public health nurse has been highly successful in extending 
the span of health education. She subtlely adds to the knowledge of 
the mothers with whom she works, tactfully changing the fixed attitudes 
which are usually the family heritage, remembering that the pattern of 
family life and belief varies with sex, age, education, religion, race, eco- 
nomic and social status. 

In formulating plans for a long-term program against tuberculosis, 
first, study your community and name the individuals to be served, 
second, name the changes which are to be brought about, which in the 
case of tuberculosis may be the simple tuberculin test and X-ray examina- 
tion or the construction of a hospital and maintenance of a clinic, and, 
third, choose the avenue and means through which these objectives are 
to be obtained. 

The finding of the early case of tuberculosis is one of the most essential 
parts of the health department program. The prompt isolation of such 
cases not only serves the individual and results in a more satisfactory and 
early arrest of the individual case, but prevents the spread of infection 
from the individual to the family and the community at large. As the 
tuberculosis case is usually cared for as a public charge, and as the 
average period of hospitalization for the advanced case is at least twice 
that of the early case, there is enormous economic value to finding the 
minimal case. It will save the health department or community budget 
many dollars which can be effectively expended elsewhere. The official 
and nonofficial agencies should be integrated into a broad, long-term 
community program. Such program must be based upon case-finding, 
treatment, rehabilitation and community education. The official 
agency will lean heavily upon the tuberculosis society for technical assist- 
ance and to fill the gap where public funds are not now available. The 
tuberculosis society by demonstration will show the need of public 
appropriations and assist in obtaining same. The two organizations 
must work together in the field of education and rehabilitation. 


TUBERCULOSIS CONTROL! 
Interpreting Its Modern Methods to the Public from the Nonofficial Point of View 


KATHERINE Z. W. WHIPPLE? 


To speak before this National Tuberculosis Association audience on 
interpreting modern methods of tuberculosis control is a challenge. For 
over thirty years our Associations have been telling people that tuber- 
culosis can be prevented and can be cured. Each April for ten years 
we have joined in urging early diagnosis. The education done in the 
past has been given a share in the credit for the reduction so far achieved 
in the tuberculosis death rate. It has served as a pattern for other 
programs of education. You who are here to-day have taken part in 
that education; some of you pioneered in it. 

Why after all this work are we still talking about interpreting modern 
methods? 

Because the fact that eight out of ten cases of tuberculosis are dis- 
covered only in advanced stages proves that people are not using to the 
full extent modern methods of control. On the basis of our own experi- 
ence, we have reason to believe that when people really understand what 
these methods will do for them, they will seek them out and if they are 
not available will demand them. 

We are interested in interpreting modern methods because we want 
people to use them. We want them to use them to protect themselves 
and their families; we want them to support needed facilities; we want 
those in authority to adopt programs and budgets which will provide 
effective tuberculosis control programs for the communities or agencies 
for which they are responsible. 

The modern methods we want people to use are: 


1: Early case-finding 
2: Prompt treatment (including hospitalization, pneumothorax and surgery 
where indicated) 


1 Presented at a joint session of the Social Work and Administrative Sections at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 27, 
1939. 

2 New York Tuberculosis and Health Association, New York City. 
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3: Provision of hospital beds at the level of at least two per each annual death 
from tuberculosis and preferably, as the Tuberculosis Committee of the New 
York Tuberculosis and Health Association has indicated, a hospital bed for 
every frank case of tuberculosis, requiring hospitalization 

4: Adequate preventive health services 

5: Health education 

6: Provision of healthy environment 

7: Rehabilitation 

8: Proper recording and analysis of vital statistics 


Essential to each of these of course is competent personnel, chosen with 
freedom from geographical, residence and other such requirements. 

The word interpretation is being used in its widest sense of explaining 
and making clear what is obscure. Our concern to-day is with objec- 
tives, subject matter, problems and opportunities, and only incidentally 
with methods and techniques. 

The objectives and subject matter seem to me very much the same 
for official and voluntary agencies in so far as interpretation is concerned. 
The differences appear to be in opportunities and circumstances of 
work. 

From the voluntary agency point of view three questions arise: 


1: What do we want people to do about tuberculosis? 

2: What keeps some people from doing these things? 

3: What are the particular opportunities of voluntary agencies, through 
interpretation of methods, to secure action? 


First—What are some of the things we want people to do about tuber- 
culosis? We want families to consult their physicians regarding health 
examinations, including X-ray examination for themselves and their 
household employees. We want people to develop good health habits. 
We want people to act promptly on danger signals. We want those 
unable to afford private medical care to use public clinics freely and 
promptly. When case-finding surveys are being carried on, we want 
people to come in large numbers for examination. We want to have all 
contacts examined. 

We want colleges, school boards, industries, unions, boards of health, 
hospitals, nursing schools, social and recreational agencies and institu- 
tions to develop and finance sound programs appropriate to the needs 
of their groups. 

When hospital treatment is advised, we want the patient to make the 
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earliest possible arrangements to go to the hospital and remain until 
the medical advisers approve discharge. 

We want the public to support legislative and control programs with 
taxes and contributions and votes. 

Second—None of these is new. What keeps people from doing these 
things? What obstacles to action can our interpretation remove? 

I offer on this no survey but observations based on our common experi- 
ence as workers. Iam drawing heavily also on recent work at the Tuber- 
culosis Exhibit at the New York World’s Fair where workers from the 
Queensboro, Brooklyn and New York Tuberculosis and Health Associa- 
tions have been answering questions twelve hours a day for eight weeks. 
Each has recorded in a “log” the significant questions. 

If you could stand at that display with any one of these staff members, 
you would agree that many people do not yet understand the elementary 
facts about tuberculosis, despite all the education constantly carried on 
by public and voluntary agencies. These people are from all over the 
country. 

The two most frequent questions asked at the Exhibit at the World’s 
Fair are: “Is tuberculosis hereditary?” and “If it isn’t hereditary, how 
do you get it?’”’ Sometimes people start saying ‘“How do you get it?” 
and express surprise when it is explained that you catch it. Many of 
the people who do not know that a germ causes tuberculosis do know 
about environmental factors, but think they are the primary causes. 

Another question is: ‘‘Can you really have tuberculosis and still look 
healthy?”’ Also—‘‘Why do you have to go to the hospital when you 
look all right and feel all right?” Nurses in clinics tell us that these two 
questions are repeatedly asked by patients whose tuberculosis is un- 
covered in X-ray surveys. 

People have partial information or misinformation. They think 
tuberculosis is no menace to them because they have good health. Men 
come up to the exhibit desk and say, ‘‘Oh well, I don’t have to worry 
about tuberculosis, you don’t get it after forty-five.” It is against this 
background that we have to persuade families to have examinations of 
grandparents, uncles and aunts, in the search for sources of infection. 
People still think a change of climate is essential. 

People fear tuberculosis. To many groups in our communities, tuber- 
culosis has until recently all too often meant death. Some of these still 
think of tuberculosis hospitals as a place to go to die. Others who know 
that tuberculosis can be cured have learned also that this cure is an 
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“arrest.’’ People refuse to follow advice, or postpone seeking advice, 
nurses and doctors tell us, because they know tuberculosis means a long 
time with no money coming in, and difficulty in getting a job later in a 
world in which jobs are hard for a healthy person to find. 

People who should use them do not always know about resources for 
free care. During a recent health exhibit carried on by the Harlem 
Tuberculosis and Health Committee of our Association we learned that a 
considerable number of visitors had not known that free care could be 
obtained by people unableto pay. Agraduatestudent from the DeLamar 
Institute of Public Health obtained this information in consecutive 
interviews with visitors. This is in a neighborhood where intensive 
education has been carried on for years. We have speculated as to 
whether the knowledge of the investigations necessary for relief had led 
these visitors to think barriers were set up for all care. 

Some people who already have considerable knowledge need further 
information. Many of these come to our Association Information 
Service, they also come to the World’s Fair Exhibit. Some of these are 
from out of town, some local. The day after the Fair opened, a young 
woman came to the booth with her mother at 9:30, half an hour before 
the official opening time. Her question was, ‘Have you a picture of 
pneumothorax?” We had a picture and a diagram, not in the exhibit 
but among our reference materials. She was having pneumothorax her- 
self and had brought her mother so that she would understand about 
it and not object. 

Other questions in this class are about the patch test; about allergy 
and tuberculosis; the significance of the Mantoux test; how thoracoplasty 
is performed and what it accomplishes. The most amusing question 
was, “‘Why are red-headed people more susceptible to disease than any 
other?” The family doctor had stated that the questioner’s red-headed 
daughter had a positive Mantoux “because red-heads react to every- 
thing.” 

The new pamphlet Basic Facts in Picture Language is of great interest 
to this group. 

People lack an understanding of what modern medical practices mean. 
They do not recognize the importance of the X-ray or do not realize 
that it is part of a general examination and must be interpreted by a 
physician with an understanding of tuberculosis. Some have too great 
confidence in science. They expect the doctor to fix them up quickly. 
It is hard for them to understand that the doctor helps the body to use 
its own defences. 
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Sanatorium workers and nurses in clinics say that patients with no 
experience in sickness enter hospitals often totally unprepared for the 
complete change in habits of living which treatment of tuberculosis 
means. These workers and our own Information Secretaries say patients 
leave hospitals before they have medical approval, because they have 
been led to expect a short stay and have no idea of the restrictions 
treatment involves. 

Experienced workers say it is better to lead patients to expect to 
encounter experiences to which they will have to adjust and to prepare 
them to accept unpleasant and even upsetting situations for the sake 
of their cure. 

The prevailing feeling that tuberculosis is on the way out is a handicap. 
We have to reconcile an apparent contradiction between the decline 
in the tuberculosis death rate and the need for increased appropriations. 
I think all of us have found fresh evidence of lack of understanding of 
the magnitude of the present task in comments made by leaders to whom 
the facts so clearly presented in this year’s EDC pamphlet An Appeal 
to Leaders came as news. 

People do not understand sufficiently the cost of tuberculosis to the 
community, and the dollar-and-cents value in future insurance, of 
thorough going control programs. 

Third—How can voluntary agencies, through interpretation, remove 
some of these barriers to action? 

It seems clear that people need basic information about tuberculosis 
in order to understand why case-finding, hospital treatment and other 
methods are important to them. We can keep before ourselves the 
importance of making sure that people are given the necessary explana- 
tions regarding the cause of tuberculosis, the fact that it is not hereditary, 
that a healthy appearance may go along with tuberculosis, in the situa- 
tions where the information is needed to precipitate action or gain full 
codperation. We can provide for nurses, doctors and others, tools to 
help in this education. In so far as our funds permit, our Association 
endeavors to provide for Health Department and other clinics leaflets, 
posters and exhibits, which we can buy and for which they do not now 
have funds. When the Health Department can reprint National Tuber- 
culosis Association leaflets, we use our funds for exhibits and other 
materials for which their funds can less easily be used. Isotype exhibits 
have been loaned by us for the unions in which the Health Department 
is conducting case-finding studies. High schools have been advised by 
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the Health Department to consult the local tuberculosis associations for 
aid in planning educational programs to precede surveys. 

Voluntary associations can work with educational authorities to inte- 
grate teaching about health and tuberculosis into curricula. The Na- 
tional Tuberculosis Association has given us tools for this and has shown 
the way. The School Health Education Secretary of the Bronx Com- 
mittee recently developed, at the request of the Catholic School Board of 
the Archdiocese of New York, a health education syllabus for incorpora- 
tion in their course of study. We can put teaching units, films, posters, 
exhibits and other tools into the hands of school and college teachers 
and adult educators. i 

We can do our interpretation with an awareness of the attitudes and 
emotional reactions toward tuberculosis of people and of patients. We 
can keep in close touch with those who know folkways and with physi- 
cians, nurses and case-workers who work directly with patients. We 
can check our plans for educational campaigns and our materials 
with them. 

As voluntary agencies, we can help official agencies to meet situations 
which arise suddenly and in which quick short-term jobs of education 
are needed. 

We can spread out in our communities an all-year dragnet of publicity 
regarding tuberculosis, to seek out people who need information at a 
given moment. The car cards, radio programs and theatre program 
advertisements of the New York Tuberculosis and Health Association 
bring to our Personal Information Secretaries thousands of inquiries a 
year from people who do not know where else to turn for help. Some of 
these visitors are able to pay, and are directed to private physicians. 
Many more are put in touch with publicly supported resources, which 
they have not known about or have misunderstood and therefore hesi- 
tated touse. In all our publicity we can carry a reminder of where to go, 
to write or to telephone to get information about tuberculosis. 

The maintenance of Personal Information Services of this kind seems 
to me an outstanding opportunity for voluntary associations to do a 
direct job of helping people to understand and use tuberculosis resources. 
Approximately 11,000 people each year are helped by the workers in 
our four information services to find the care they need. The job is 
primarily one of understanding the individual’s problem, and explain- 
ing to him the resources which fit his situation and helping him to plan 
to use them. A directory of clinics is published for workers. The infor- 
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mation on clinics and hospital services and personnel is kept up to date. 
Social workers, doctors, nurses, teachers, business men and others use 
the service as well as patients. This is a very important service and 
brings outstanding opportunities to interpret to people the public and 
other resources which exist. 

Voluntary associations can keep workers in social agencies informed 
on tuberculosis matters and on the health education and health service 
which belongs in the programs of these various agencies. Tuberculosis 
isa team-work job. Family agencies, children’s institutions, group work 
agencies, recreation agencies have responsibilities for their own charges 
in the way of tuberculosis case-finding. Tuberculosis associations can 
work with these other organizations in councils of social agencies and 
directly. An understanding, on our part, of the programs and the pro- 
fessional! skill in these other fields is important. Recreation and group 
work agencies for example, which conduct athletic programs, can be 
informed regarding the importance of the X-ray in health examinations 
and the fact that healthy looking young people can have tuberculosis. 
Our Association for two years has had a staff member on a committee 
of group workers organized under the Welfare Council of New York, 
which is studying health education and health examination practices 
of the sixty or seventy members of the group work section. 

Tuberculosis Associations can work with these agencies and the 
Health Department to work out neighborhood and community programs, 
develop an understanding of each other’s work and problems, and gain 
support for needed work. In New York City the district committees 
now being organized under the Committee on Neighborhood Health 
Development furnish new opportunities for this. The tuberculosis asso- 
ciations help the local district committees on request. In Central 
Harlem our Harlem Tuberculosis and Health Committee has its offices 
in the health centre and all health education in the district is planned and 
carried out jointly with the Health Department. 

Mr. Drolet of our own Association has been Statistical Consultant on 
this work, interpreting to the neighborhood committees their tubercu- 
losis and other problems. I have with me isotype charts of the Health 
Department of New York City to interpret vital statistics and health 
problems in neighborhood terms. 

Workers in the field of tuberculosis can be provided with interpreta- 
tions of current tuberculosis conditions. Our Association assembles and 
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distributes consolidated statements for workers in clinics and sanatoria. 
Surveys of hospital needs, analyzing and comparing records of work 
under various auspices, secretarial service to committees of workers, 
provide means for this. The Tuberculosis Sanatorium Conference pro- 
vides a forum for workers to interpret to each other their problems and 
work. Other opportunities are provided through the Tuberculosis Com- 
mittee and through the Annual Meeting. Doctor Pinner has suggested 
ways in which we may use the American Review of Tuberculosis and 
other publications. 

The voluntary agency can stimulate public action regarding condi- 
tions on which there is mutual agreement or necessity for change, such 
as increased budgets to obtain qualified staff, opposition to-rigid residence 
requirements for appointees, explanation of need for additions to staff 
and for trained personnel. This is a job only the voluntary agency can 
do. The public agency can show need but is not free to campaign 
for itself. 

The voluntary agency needs to guard against an overemphasis on 
handicaps and a breaking down of confidence in public agencies when 
it campaigns for added resources. Workers in voluntary agencies have 
an obligation placed upon them to know the facts and the field. This 


is particularly important because many of us have to get our knowledge 
of methods second hand. 


SUMMARY 


Interpretation is the very heart of the work of a voluntary agency. 
We interpret modern methods to get people to use them. We need to 
keep in mind the action we want people to take, find out what prevents 
those who do not take advantage of modern methods from using them, 
then direct our interpretation to removing those obstacles. 

Ways in which voluntary agencies can help remove obstacles to action 
include: getting information to people in situations where the information 
will lead to action, especially through providing health education aids 
to those working directly with people; working with educational authori- 
ties to integrate teaching about health and tuberculosis into the curricula; 
doing our education with an awareness of the attitudes, emotions, and 
folkways of people; spreading out in our communities an all-year dragnet 
of publicity to seek out people who need information regarding tubercu- 
losis; maintaining Personal Information Services; keeping workers in 
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other organizations informed on tuberculosis matters and on health 
education and health services related to the programs of these various 
agencies; working with community leaders and other agencies and the 
official organizations to develop neighborhood and community programs 
and gain support for needed work. 

Tuberculosis is not a concern of tuberculosis workers alone. Exclu- 
siveness and possessiveness have no place in the interpretation to the 
public of modern methods of tuberculosis control. Interpretation, like 
the fight against tuberculosis, is a team-work job. 
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FEDERAL AND STATE PROGRAMS OF VOCATIONAL 
REHABILITATION! 


TRACY COPP? 
FEDERAL LEGISLATION 


In 1920 Congress passed an act known as the Industrial. Rehabilitation 
Act. By its provisions the Federal Government is charged with the 
responsibility of promoting in the nation the vocational rehabilitation of 
those of our citizens who are injured or incapacitated through accident 
or disease. This legislation established as a public policy the principle 
which had been urged upon Congress for several years that the nation 
as a whole should share with the states the common responsibility for 
the vocational restoration of disabled civilians whose disabilities involve 
vocational handicaps. At the same time the principle was established 
that the direct responsibility for carrying on the work rests upon the 
states. The Federal Government does not undertake the organization 
and immediate direction of the rehabilitation service in the states, but 
does make financial contributions to its support to encourage the work 
within the states. 

The Federal Rehabilitation Act has been amended four times for the 
purpose of extending its provisions. The last amendment, August 14, 
1935, through a provision of the Social Security Act, makes the provisions 
of the organic rehabilitation act permanent and increases the authoriza- 
tion of appropriations for aid to the states from $1,097,000 to $1,938,000 
annually. 

STATE PARTICIPATION 


To secure Federal funds for this program, a state is required through 
its legislative authority to: 


1: Accept the provisions of the National Vocational Rehabilitation Act. 
2: Empower and direct its State Board for Vocational Education to conduct 
the vocational rehabilitation service. 


1 Presented at a joint session of the Social Work and Administrative Sections at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 27, 
1939. 

2 Vocational Rehabilitation, Office of Education, Washington, D. C. 
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3: Provide for supervision and support of the vocational rehabilitation service. 
4: Provide a plan of coéperation between the State Board and the State Com- 
pensation Commission or agency, the plan to become effective when approved 
by the Governor of the State. 

5: Appoint the State Treasurer custodian of the Federal vocational rehabilita- 
tion funds. 


ELIGIBILITY FOR SERVICE 


A “disabled person,” in the language of the Federal Vocational Reha- 
bilitation Act, is “any person who, by reason of a physical defect or 
infirmity, whether congenital or acquired by accident, injury or disease, 
is, or may be expected to be, totally or partially incapacitated for remu- 
nerative occupation.”” In view of the scope of this definition, the Office 
of Education has found it necessary to interpret the meaning of certain 
terms in it and to prescribe their limitations. 

A “physical defect or infirmity” is interpreted to mean a permanent 
skeletal or organic impairment, that is, an impairment that is not of 
temporary character. It should be emphasized, also, that a physical 
disability does not necessarily constitute eligiblity for rehabilitation 
service. The nature and extent of the disability must be such as to 
handicap the individual in the pursuit of his vocation, or the disability 
must be of a progressive type which will later constitute a vocational 
handicap. These criteria apply to disabled persons with vocational 
experience. In the case of a person who has never worked, the disability 
must be a major one which lessens his normal opportunity for em- 
ployment. 

The Office of Education believes that the term “‘remunerative occupa- 
tion,” as used in the Federal Vocational Rehabilitation Act, has reference 
to any legitimate occupation at which normal persons ordinarily earn a 
livelihood. 

Although age limitations for rehabilitation are not prescribed by the 
Federal Act, it is believed that State rehabilitation departments should 
observe their State laws with respect to the age of employability in the 
placement of young handicapped persons; and that children too im- 
mature to profit by vocational training or other rehabilitation service 
and adults beyond working age should not be accepted for rehabilitation 
service. 

In formulating its policies covering eligibility of persons for rehabilita- 
tion service, the Office of Education has, therefore, interpreted the 
Federal Act as providing for the establishment or reéstablishment in 
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remunerative employment of disabled persons who are unable because of 
a permanent physical handicap to earn a livelihood. Such vocational 
handicap may have been acquired by accident, injury, disease or from 
congenital causes. 

Furthermore, it is believed that it is not the purpose of the Federal 
Act to give assistance to persons with minor physical disabilities which 
do not lessen normal opportunity for employment, nor to those with 
major disabilities who are already self-supporting. 


FEASIBILITY OF SERVICE 


Eligibility for vocational rehabilitation service does not necessarily 
imply feasibility of rendering the service in all cases. It is recognized 
that such factors as advanced age and degree of physical disability some- 
times make it inadvisable, uneconomic or impossible to render a voca- 
tional rehabilitation service to an individual. 

In general, a disabled person is considered feasible of rehabilitation 
when: 


1; The nature and degree of his disability will permit of his preparation for and 
placement in a specific job or occupation on full-time basis. 

2: He is mentally competent to manage his own affairs without the necessity 
of constant supervision. 

3: Facilities for rendering the services required in rehabilitating him are 


available. 
4: Dependable arrangements can be made for taking care of his living costs 
and those of his dependents during the period of rehabilitation. 


THE REHABILITATION PROCESS 


The rehabilitation process may be described as a chronological program 
beginning with the first contact with the disabled person and terminating 
with his successful placement in employment. The two important steps 
in this process are the so-called survey of the case and the placement in 
employment. Used in its broadest sense, the survey includes interviews 
with the disabled person, his family, friends, teachers, employers, doctors 
and other individuals with whom he has had substantial contact and who 
are in a position to add pertinent data to the case information. Other 
case data are secured from various tests and measurements, physical 
examinations, psychological examinations and, in some instances, try-out 
training courses of limited duration. Interpretation of these case data 
in terms of the environmental factors in the individual’s life situation 
gives the basis for the vocational choice. Selecting the vocational ob- 


REHABILITATION 249 


jective and determining the methods of preparation for it are the next 
steps. When all pertinent case data are secured and properly interpreted 
in the light of the needs of the individual and the possibilities of successful 
rehabilitation, and a definite plan of rehabilitation is put into operation, 
the ultimate objective—placement in employment—the final step in 
the process is possible of achievement. 


SERVICE APPLIED TO THE TUBERCULOUS 


The application of these general policies to the specific problem of 
rehabilitating persons who have been disabled by tuberculosis does not 
present insurmountable difficulties, but does suggest the need of special 
treatment. In selecting for rehabilitation persons who have had 
tuberculosis, the following general conditions should be observed: 
first, determination that the individual has a permanent physical injury, 
and second, determination that the individual has a vocational handicap 
resulting from the disability. If the individual has had employment 
experience, the presence of a vocational handicap is determined on his 
ability to carry on in the former employment. If there has been no 
vocational experience, and this usually applies to the younger group, 
presumably the physical injury has resulted in not only a vocational 
handicap, but an employment handicap as well, and such cases would 
ordinarily be considered as being in need of the rehabilitation service. 


VARIOUS STEPS IN THE REHABILITATION PROCESS 


Rehabilitation service is a process consisting of various steps. These 
steps apply to the problems of the tuberculous just as they do to all 
other cases. The case work steps in a program of rehabilitation would 
apply to the cases disabled by tuberculosis in the same way that they 
apply to cases injured and disabled through accidents and other causes. 

Case-finding: Finding persons who have had tuberculosis is a relatively 
simple procedure, rather simpler than finding persons with other types 
of disabilities. Since it is generally understood that it is undesirable for 
persons to attempt to get well from tuberculosis except through hospital 
treatment, it has become a general practice among rehabilitation workers 
to limit their intake of tuberculosis cases to those who have had sana- 
torium treatment. Persons who have been treated under the regimen 
of the tuberculosis sanatorium or hospital have been exposed to a program 
of self-discipline which seems to be a major consideration in the treat- 
ment and rehabilitation of the tuberculous. 

The point in the recovery program at which the rehabilitation service 
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should begin to function varies with sanatoria facilities and practices. 
Our workers would not take the position that the doctor and the sana- 
torium must finish the job before the medical social work begins, and 
the medical social work program completed before rehabilitation begins. 
It seems to me that, throughout this service program, all of the agencies 
should coéperate in a coérdinated program in the interest of complete 
economic recovery of the disabled person. 

Study of selected cases: The next step in the rehabilitation process, a 
study of the case, involves a great variety of techniques. As in all 
cases, the individual’s education, his employment experience and the 
environmental conditions of his home and social life must be studied. 
A special feature of the survey of a tuberculous person relates very defi- 
nitely to his former employment, his health status and the home situation 
to which he must go upon discharge from the sanatorium. 

From the moment that a tuberculous person is referred to a rehabilita- 
tion worker, other agencies especially interested in this type of case 
should be directly involved. Before the rehabilitation service is initiated, 
which means before the first serious interview is had with the disabled 
person, a physical examination by a specialist should be given to deter- 
mine the daily work schedule which can be devoted to rehabilitation 
preparation. 

Presumably the referring agency is a hospital, doctor, sanatorium, 
medical social worker or a member of a lay organization interested in 
public health programs. The organization interested in the disabled 
person should be involved in the rehabilitation program from its initia- 
tion through the preparation period, the readjustment to work, and 
during such follow-up period as is involved in the case. In the selection 
of the employment objective for a person who has been disabled by tuber- 
culosis, the rehabilitation worker should seek the advice of the medical 
specialist, the hospital social worker and such other individuals as have 
had contact with the disabled person during his treatment and con- 
valescence. 

The function of the doctor is in the health prognosis. It would not 
be expected that a specialist in tuberculosis could give his approval for 
employment by the mere designation of the job which is being considered. 
It would be possible, however, for the medical authorities to advise with 
respect to employment if the conditions of work and the demands made 
upon workers were described. 

The place of vocational tests and psychological and psychiatric exami- 
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nations in the rehabilitation of the tuberculous is being explored at the 
present time in many places. It is quite probable that the tuberculous 
case presents greater psychological than vocational problems. The long 
period of inactivity, the knowledge which a patient has about his own 
condition, and the feeling of despair over the future present problems 
for the psychologist. Estimating an individual’s capacity through 
various tests and examinations, selecting an objective, and preparing for 
that objective may be a relatively simple procedure, as contrasted with 
the professional services required in helping a tuberculous case to make 
his individual family, social and vocational adjustment, which after all 
is something he must do himself. 

There are special phases of the guidance, training, and placement of 
the tuberculous in which other agencies interested in this type of case 
must be involved if there is any prospect of success in the work. 

Planning the program: Planning the rehabilitation program, the next 
step in the process, includes finding the facilities which are to be used 
in the preparation, providing for the maintenance of the disabled person 
during his training period, and arranging for the necessary health super- 
vision, including surgery and therapy. Social work organizations and 
public health groups are needed in assisting in providing proper living 
conditions for a tuberculous person during his training period. 

Another feature of the case work in connection with the rehabilitation 
of the tuberculous is involved in the responsibility which the disabled 
person must take in his program with respect to the care which he gives 
himself. This means that, in so far as the sanatorium regimen must be 
followed during his preparation period, it must be reasonably guaranteed 
that the individual accepts this responsibility as a condition of his service. 

More responsibility for the success of a rehabilitation program is put 
upon the shoulders of the tuberculous person than is common among 
other cases. Rehabilitation workers would not wish us to understand 
that they use their service as a means of personal discipline for a tuber- 
culous person, however, there must be some guarantee, however informal, 
that the training in health care which a tuberculous person has had 
during his treatment will carry over during the preparation period and 
subsequently in his employment, at least until the medical authorities 
feel that normal living habits can be resumed. 

Placement in employment: Placement, the next step in the process, 
carries with it a responsibility to the prospective employer with regard 
to the health history and prognosis of the person to be placed. It has 
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always seemed to us that complete frankness is desirable with respect to 
the disability, the present condition of the case, and the vocational 
capacity of the disabled person to carry his responsibility in connection 
with the employment. There seems little doubt about the responsibility 
of both the rehabilitation worker and the disabled person in this regard. 
Complete frankness concerning the medical history, the health prognosis 
and the conditions under which the individual] must work and live should 
characterize all dealings with the employer. 

Certain conditions which are found in the tuberculous case do not 
appear in other cases; for example, the person injured by tuberculosis 
does not reveal his physical infirmity. Frequently he is, after his 
physical restoration has been accomplished, more robust looking than 
the general run of persons seeking employment. This fact, however, 
will be revealed when he applies for a job, if, as a condition of employ- 
ment, a physical examination is necessary. 

Prejudices against the employment of a person who has had tuber- 
culosis are still prevalent among employers, not only from their own 
personal standpoint, but because of prejudice among the workers with 
whom a tuberculous person must be associated. Although a great deal 
of constructive education has been given the general public in this regard, 
workers in rehabilitation must recognize these prejudices and prepare 
to overcome them when possible. In connection with the prejudice 
against the employment of a person who has had tuberculosis, a worker 
in rehabilitation is often faced with a choice between giving the employer 
the health history of a tuberculous person or withholding it. In the 
promotion of public education about tuberculosis and with a long time 
view of the employment prospect of these cases, frankness should char- 
acterize our dealings with the cases as well as with the employers. 


ADMINISTRATION OF CASE WORK 


To properly provide for the rehabilitation of the tuberculous, we must 
consider two phases of the program: one, the case work itself, and the 
other, the administration of the correlation of rehabilitation with the 
other agencies interested in the tuberculous. We have precedent for 
organizing codperative services on an administrative level. The Federal 
Rehabilitation Act provides that agreements with the State Workmen’s 
Compensation agencies be secured by the rehabilitation service as one 
of the conditions of affiliation with the Federal Government. The 
Federal Act establishing the Public Employment system includes a 
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provision requiring State Employment services to work out agreements 
of codperation with rehabilitation departments in order that the place- 
ment function in rehabilitation may be properly correlated with other 
placement services. Likewise, in the Social Security Act, in which 
provision was made for the physical restoration of crippled children, the 
State agencies for crippled children are expected to work out administra- 
tive relationships with rehabilitation for the efficient rendering of services 
to that special group. 

In order that the rehabilitation department in the state may properly 
effect the successful rehabilitation of the tuberculous, there are certain 
administrative relationships with public and private agencies operat- 
ing in the health and welfare fields which should be encouraged and 
maintained. The most lasting and successful type of rehabilitation is 
that which is accomplished through specific and adequate training for 
the selected employment. In the training field, the rehabilitation service 
is limited in its use of Federal funds to providing training, training 
supplies and equipment and transportation to and from the place of 
training. This training period in rehabilitation for the tuberculous 
requires proper living conditions and health supervision. The conditions 
under which a tuberculous person lives during his preparation period are 
substantial factors in the success of the program. It would be unfortu- 
nate if it were necessary for the rehabilitation service to base its selection 
of cases on the availability of living maintenance. Therefore, one of 
the important codperative plans with private agencies interested in 
tuberculous cases would include provision for the living care under 
proper convalescent conditions for those cases who are without homes, 
or whose homes are not proper for this particular purpose. 

Through state services, the Federal Office has been privileged to 
encourage some experiments in the field of rehabilitation of the tubercu- 
lous through which special case methods and techniques are being de- 
veloped. When these programs were initiated the policies varied among 
the states due to the extent of the facilities for care and treatment of 
the tuberculous, the attitudes of doctors and hospital authorities, and, 
perhaps most often, the inability of rehabilitation departments because 
of limitation of funds to undertake any large scale expansion of their 
programs. 

However, there are some fundamental policies being developed as a 
result of this purposeful experimentation. For example, the plan to 
accept for rehabilitation only those cases which have had sanatorium 
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treatment and care is quite general. Also, the sanatorium doctors and 
other specialists are giving rehabilitation workers more accurate and 
complete health prognoses when cases are referred for service. 

The advantages of individual treatment in rehabilitation have been 
thoroughly established and therefore we do not establish schools or work 
shops for training disabled persons in groups. To establish training 
centres in sanatoria in which each individual case were to be trained for 
the specific employment to which he could be most successfully adjusted 
would result in excessive costs. The idea has been generally accepted, 
however, that it is possible and profitable to discuss the occupational 
objective with a patient even before he has been put on any exercise 
schedule. As a matter of fact, it has been recognized by the workers 
as well as the doctors that there is a substantial psychological benefit 
resulting from an early discussion with the patient of his future possibili- 
ties as a self-supporting citizen. With respect to the training which 
can be given in the sanatorium, certain prevocational training, such as 
the necessary academic background for vocational training which will 
be given after discharge, is sometimes begun in the sanatorium. Some 
vocational training can be initiated in the sanatorium, such as commer- 
cial training, sewing, commercial art, show card writing, drafting, design- 
ing and watch repair. It is understood, of course, that training programs 
are begun only when the plan meets with the doctor’s approval. 

From the standpoint of the vocational preparation, various plans have 
been worked out with respect to the time at which the vocational prepara- 
tion shall begin. In the case of a person ready for a minimum amount of 
exercise who is still in the sanatorium, the choice of a vocation should 
not be dependent upon the facilities available in the sanatorium for 
preparation. The process by which an objective is chosen should be 
followed without regard to the limitations for its preparation at the 
sanatorium. A person whose choice of new work is such that no definite 
vocational preparation can be provided in the sanatorium might be 
given a well planned review of certain academic work related to his 
objective, or a new academic program might be initiated, both of which 
might be secured through extension of the public education system or 
through an adult education program. 

In those centres in which constructive programs have been initiated 
under favorable codperative conditions between the workers in tuber- 
culosis and rehabilitation, there is general agreement on the question of 
eligibility for rehabilitation service. Many persons who have had tuber- 
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culosis return to their old jobs upon recovery. Thesé Would not be in 
need of any rehabilitation service. Others cannot go back to their 
former occupations because of the health hazard in connection with the 
work. Many of these would be in need of assistance before satisfactory 
employment adjustment could be accomplished. Still others, whose 
natural capacity would lead them to work not safe from the health 
standpoint, should be diverted from it and prepared for something else. 

We are in agreement on the proposition that a patient must get well 
before he undertakes the serious business of preparing to earn his living 
on a normal schedule. Up to the present time, doctors and rehabilita- 
tion workers have approached the problem of the employment adjust- 
ment of persons disabled by this disease as more or less of a research 
problem. The period of experimentation is not over. We are still 
seeking the answers to many important questions and continuously 
exploring the possibilities of a better and more scientific approach to the 
problem. 

The stage in the recovery program of a disabled person at which he is 
discharged from the hospital is a very important one from our standpoint. 
There is great variation on this point. If the tuberculous person is kept 
in the sanatorium until he can exercise eight hours a day and is on this 
schedule some time prior to discharge, his rehabilitation program may 
be begun in the sanatorium on a short-time basis and continued on a full- 
time basis after his discharge. 

Those persons who must be discharged from the hospital while the 
exercise period is four hours or less, and for whom no adequate plans for 
postsanatorium treatment and care have been devised, present serious 
problems for rehabilitation workers. We feel that a postsanatorium plan 
must be made which will give reasonable assurance that the sanatorium 
regimen is to be followed for as long as desirable and that proper rest, 
food and other living conditions are to be provided. Those persons who 
cannot return to the homes which they left, or who have no homes to 
which to return, must be provided with maintenance during the period 
of their employment preparation. Similarly, during this period of 
preparation adequate provision must be made for the health supervision 
and such therapy measures as are recommended by the doctors. The 
place of the state and county tuberculosis associations must not be over- 
looked in this program of postsanatorium care leading to complete read- 
justment to employment. As is well known, many of these associations 
are providing living maintenance and health supervision for the cases 
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undergoing rehabilitation preparation. They have been most helpful 
also in interpreting to the rehabilitation workers proper standards of 
treatment and the conditions which should prevail in our codperative 
relationships with state and local medical authorities. 

Perhaps the most important phase of the rehabilitation program for 
the tuberculous is the fact that the workers in the health field have 
stimulated the interest of the rehabilitation workers in these cases and 
encouraged and helped them to undertake the training and placement for 
this particular group. The interest of the National Association, as 
well as various state societies, is a real inspiration and help to our state 
workers as they attempt to expand their programs to include this new 
type of case. 

Doctors, sanatorium officials and rehabilitation workers alike recognize 
the necessity of this next step in the program for the tuberculous, namely, 
the vocational, employment and economic rehabilitation as an absolute 
requirement for persons whose lives have been interrupted by this 
disease. The attitude of rehabilitation workers toward this problem is 
one of sincere interest in the hope of finding the best and most acceptable 
methods of assuming their part in this codperative program. 


TUBERCULOSIS STUDIES IN TENNESSEE! 
Results Obtained from Serial Examinations of Sputum 
ROSS L. GAULD anp W. C. WILLIAMS 


A vital part of the program for the prevention of tuberculosis is the 
discovery and isolation of all open or sputum-positive cases of the disease 
because these cases are the foci from which the infection is spread. It is, 
therefore, important to determine the status with respect to infectivity 
of the sputum of as large a proportion of diagnosed cases as is practicable. 
This information must be obtained from the examination of sputum in 
the laboratory by some acceptable method or combination of methods, 
repeated a sufficient number of times to establish a reasonable presump- 
tion as to whether tubercle bacilli are being discharged or not. 

When tubercle bacilli are found even though in a single specimen it is 
customary to report positive and classify the case as an open one. On 
the other hand when they are not found there is no agreement as to the 
number and kinds of examinations which should be made before classi- 
fying as sputum-negative. The theoretical and practical possibility is 
always present that where the organisms are few in number or discharged 
intermittently the sputum may be reported negative because the method 
used was deficient or an insufficient number of specimens were ex- 
amined. 

It is not our purpose to attempt to define the number and kinds of 
examinations which would be required to establish a reasonable presump- 
tion that a case of tuberculosis is sputum-negative, but rather to concern 
ourselves with the practical consideration of how many examinations of 
sputum should be made on new patients coming under routine observa- 
tion of the county health departments throughout Tennessee. 

It should be emphasized, therefore, that although the value of a 
sputum examination varies with the technique used and the skill of the 
examiner, this study is not concerned with the relative efficiency of 
various techniques which are employed in the examination of sputum, 
nor is the technique used in the examinations which are reported upon 
advocated as being an adequate one for the bacteriological diagnosis of 


1From the files of the Tennessee Department of Public Health, Nashville, Tennessee. 
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tuberculosis, although it is one commonly used in diagnostic labora- 
tories. 

In considering the question of the number of examinations which 
should be made on new patients, it is necessary to take into account not 
only the proportion of open cases discovered, but also the many difficul- 
ties encountered in collecting specimens in rural areas and the limita- 
tions in personnel and budgets. This study is based upon examinations 
of sputum as they are routinely performed in the Davidson County 
Tuberculosis Hospital, Nashville, Tennessee. The technique employed 
is that of direct smear stained by a modification of the Ziehl-Neelsen 
method in which the stain is applied for twenty-four hours at room tem- 
perature instead of for five minutes by heat. This technique is com- 
parable with that used for such examinations in the laboratories of the 
Tennessee Department of Health, and it is assumed that this is fairly 
representative of the technique commonly used in public health labora- 
tories in this country. The laboratory reports are, therefore, com- 
parable to those which might be expected under the conditions of prac- 
tical field work in county health departments. 

In studying the question as to how many specimens of sputum are 
practicable for health officers to collect for examination from newly 
diagnosed cases, it has been necessary to use in this study an upper limit 
of six examinations. It is assumed that all but a very small percentage 
of sputum-positive cases would be classified after six examinations of 
their sputum. Under field conditions in Tennessee, the collection of six 
specimens from all cases is difficult of attainment, and the examination 
of this number on all cases has been found impracticable. It should be 
noted, therefore, that the comparisons made in this paper are between 
the proportions of those classified as infective after six examinations and 
those which would be so classified after a series of less than six exami- 
nations. 


MATERIAL AND METHODS 


The data upon which this report is based are the recorded results of 
the daily examination for six days of the sputum of all admissions with 
adult type tuberculosis to the Davidson County Tuberculosis Hospital, 
Nashville, Tennessee, between January 1, 1931 and July 1, 1937.2. The 
duration of the interval between the time of first and last specimen is 


2 These records were made available through the kindness of the Superintendent, Dr. R. 
R. Crowe. 
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so short that any changes in the sputum status of the individual patients 
during this period would be negligible and would not affect the validity 
of any findings. 

The records of 1,043 consecutive admissions with adult type pul- 
monary tuberculosis have been analyzed. They were distributed ac- 
cording to their clinical classification on admission as follows: 


Far advanced tuberculosis 
Moderately advanced tuberculosis 
Minimal tuberculosis 


The routine procedure of the sanatorium was to collect and ex- 
amine specimens daily for six days on all new admissions, but for 
various reasons all cases did not receive the full series of six examina- 
tions. The patients were distributed according to the number of speci- 
mens examined as follows: 


Of those who did not have all six examinations (643) all but 180 were 
reported positive on at least one examination of those made. These 
cases have been included since a definite result was obtained before 
examinations were discontinued. The 180 who did not have positive 
results before their series was discontinued have also been included 
for the examinations made upon them, and, in addition, allowance has 
been made for the possibility of the laboratory reporting a positive re- 
sult had they received the six complete examinations. This allowance 
has been made on the assumption that they would have been reported 
positive in the same proportion as those who received six examina- 
tions, having in mind the number of negative results before examinations 
were discontinued and possible negative results on succeeding exami- 
nations. 

The calculation of the probability of positive results (p,) on the first 
and succeeding examinations if the previous examinations were negative 
is shown in table 1, column 4. This is simply the proportion who were 
given the examination indicated without previously having had a posi- 
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tive result, and can be readily calculated from columns 2 and 3.5 The 
probability of a negative result (qx) on each of these examinations is 
equal to 1 — px, and is shown in column 5. 

The probability of remaining negative after a given number of exami- 
nations is obtained by multiplying the probability of being negative on 
that examination by the probability of remaining negative on all the 
preceding examinations. Thus on the first examination the proportion 


TABLE 1 


Number examined with no positive reports on prior examinations in this series with number and 
percentage positive, and the calculations of the probability of having at least one positive 
report after each examination 


NUMBER PREVIOUS EXAMINA- 
EXAMINED TIONS NEGATIVE 


WITH NO a CUMULA- AGE OF 
POSITIVE NUMBER . TIVE TOTAL 
REPORTS | POSITIVE Of PROBABLE | POSITIVES 
Nations | ON PRIOR | FOR FIRST Probabil- | Probabil- | remaining 1 positive | NUMBER OF FOUND 
EXAMINA- TIME ity of ity of negative P it POSITIVES | AFTER EACH 
TIONS positive | negative seems FOUND EXAMINA- 
IN THIS result result TION 
SERIES At end of examination 


(2) (6) (7) (8) 


1,043 X p’, 


Qa 


4525 |. .5475 | .4525 71.5 
.1596 |. .4601 | .5399 85.3 
.0839 |. -4215 | .5785 91.4 
.0447 |. .4028 | .5972 94.4 
.0406 | . .3864 | .6136 97.0 
.0506 | .3668 | .6332 100.0 


Column 2. Number examined for first time or given subsequent examinations with 


previous results negative. 
Column 3. Number of “a” with positive results on examination. 


of negative results (q’1) was .5475. Of those who were negative on this 
examination, and received a second examination, the proportion nega- 
tive (q2) was .8404, and the probability of remaining negative after two 
examinations (q’s) is the product of these two (.5475 x .8404 or .4601). 


3 Those whose sputum was reported positive on any preceding examinations were dropped 
from the calculation because they had already been classified as infectious and further exami- 
nations do not affect their c‘assification as sputum-positive. 


(0) 
b 
1 1,043 472 
2 545 87 
3 441 37 
4 | 380 17 
5 320 13 
6 237 12 
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These values for each given number of examinations are shown in col- 
umn 6, and the probability of being found positive after each given 
number of examinations (p’x) is shown in column 7, being calculated as 
1 — 

By applying the p’, values to the total group (1,043) we obtain the 
total number of positives which would have been located after each 
examination until all had received six examinations, which is shown in 
column 8. The difference between the totals in column 8 and the sum- 
mation of the positives shown in column 3 represents the number who 
would have been reported positive in those who had less than six exami- 
nations had they completed the full series. 


THE RELATIVE YIELD ON EXAMINATION OF SPUTA ACCORDING TO THE 
NUMBER OF PRIOR NEGATIVE EXAMINATIONS 


A study of table 1 brings out the following facts. The probability of 
obtaining a positive result is greatest on the first examination, being 
4525, or 1 in 2.2 specimens examined. This drops to .1596, or 1 in 6.3 
specimens positive on the second examination, should the first examina- 
tion be negative, and to .0839, or 1 in 12 specimens positive on the third 
examination, if the first two specimens be negative. Thereafter the 
probability of obtaining positive results if the previous examinations 
were negative drops for the fourth, fifth and sixth examinations to ap- 
proximately 1 in 20 to 25 specimens. This increase in the number of 
examinations necessary in order to obtain one positive result is to be 
expected since the more readily diagnosed cases are located at the earlier 
examinations. 

When we consider the proportion of infective cases located at the 
end of each examination, we find that, of the 660 cases which would be 
classed as sputum-positive after six examinations, 472, or 71.5 per cent, 
would be so classed after one examination; 563, or 85.3 per cent, after 
two examinations; and 603, or 91.4 per cent, after three examinations. 
This demonstrates the fact that the great majority of positive cases 
are located in the early examinations of the series, and indicates the 
greater importance of the first few examinations from the standpoint of 
the number of infectious cases located. 


RELATION TO THE STAGE OF THE DISEASE 


The above analysis is concerned with the results of the examination 
of the total group of patients admitted to the sanatorium, and no al- 


262 ROSS L. GAULD AND W. C. WILLIAMS 


lowance is made for the stage of the disease when admitted to the 
hospital. That there is a definite relationship between the probability 
of obtaining a positive result after any given number of examinations 
and the stage of the disease is shown in table 2, which shows for each 
clinical class the probability of obtaining a positive result after any given 
number of examinations. These probabilities were calculated similarly 
to those shown in table 1 and correspond to those found in column 7. 
The proportion of cases shown to be definitely sputum-positive after 
six examinations is here shown to be 88 per cent of the far advanced 
cases, 66 per cent of the moderately advanced, and 27 per cent of the 


TABLE 2* 


Probability of obtaining a positive result in examination of the sputum after given number of 
examinations in series according to the clinical classification on admission 


STAGE OF DISEASE 


Moderately 
ad 


Far advanced waneed 


Minimal | Suspicious 


Probability of having at least 1 positive examination (p’x) 


After Ist examination . 7046 .4036 . 1487 .0429 
After 2nd examination .8064 .5180 . 1890 .0578 
After 3rd examination........... .8456 .5592 .2261 .0882 
After 4th examination .8713 .5760 .2429 .0882 
After 5th examination .8746 .6188 . 2492 . 1064 
After 6th examination .8824 .6601 . 2664 . 1064 


* The probabilities given in this table have been checked against the results reported by 
the Hermann Biggs Memorial Hospital and the Mount Morris Tuberculosis Hospital in 
New York State. The groups reported by these two hospitals were much smaller than the 
group here analyzed, but substantially agree in their probabilities when compared with those 
in this table. 

We are indebted to Dr. R. E. Plunkett who supplied us with the data from these hospitals. 


minimal cases. It should also be noted that 96 per cent of the far ad- 
vanced cases which would be sputum-positive after six examinations 
are so classed after three examinations (.8456 + .8824). In the mod- 
erately advanced and minimal groups the proportion of all positives 
located after three examinations is somewhat lower, being approximately 
85 per cent of those positive after six examinations. 

The total number of examinations per positive specimen similarly 
varies according to the stage of the disease. This is shown in table 3 
which shows the ratio of all specimens examined to positive specimens of 
sputa in this series for the first and succeeding examinations if prior 
examinations were negative. 
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This table clearly indicates, for all stages of the disease, a definite de- 
crease in the expectancy of a positive result on any examination in rela- 
tion to the number of prior negative results obtained. Thus on the first 
examination of sputum from far advanced cases of tuberculosis 1 in 
every 1.4 specimens examined was positive. If, however, 3 negative 
specimens were previously examined the expectancy of obtaining a posi- 
tive result was only 1 in 12.6 or 4 that of the expectancy on the initial 
examination. Similar ratios of § and $ were obtained from the mod- 
erately advanced and minimal cases, respectively, for the group under 
study. Persons with the most profuse bacillary discharge, and hence 
those most easily located by laboratory examinations, are located in the 
early examinations of a series leaving those with less profuse and inter- 


TABLE 3 


Number of examinations per positive specimen of sputum according to the clinical classification 
and the number of prior negative results 


MODERATELY 


FAR ADVANCED ADVANCED 


MINIMAL 


Number examinations per positive specimen a 
x 


On ist examination 
On 2nd examination if 1st negative a. 
On 3rd examination if Ist two negative 4. 
On 4th, 5th, 6th examinations if 1st three exami- 

nations negative 12.6 i3.1 


2. 
1. 


i 


* Total number specimens examined 
Total positive reports 


mittent discharge to be located by later examinations. As the former 
constitute a greater menace to the public than those with less profuse 
discharge emphasis is again placed upon the importance of the early 
examinations in the series. 


RELATIVE YIELD OF POSITIVE RESULTS FROM CASES DIAGNOSED BY THE 
FIELD DIAGNOSTIC SERVICE, BASED ON PROBABILITIES 
CALCULATED FOR SANATORIUM PATIENTS 


The probabilities of obtaining positive results shown in the above 
analysis have been applied to the active adult cases diagnosed by the 
Field Diagnostic Service of the Tennessee Department of Public Health 
over the five year period 1932-1936 to determine the expected number of 
diagnosed cases which would have been classed as sputum-positive after 
a series of six examinations of their sputa. 


| — 

6.7 

21.3 

21.8 

57.4 
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The application of probabilities based on sanatorium experience to a group of 
patients diagnosed by the Field Diagnostic Service is open to some criticism 
if interpreted in the absolute sense. The cases diagnosed in the field include 
many persons, particularly in the minimal and moderately advanced stage, 
who ordinarily wouid not be classed as sick persons, the largest proportion of 
whom would not be comparable with the group found in the hospital. On 
the whole, cases diagnosed in the field, though placed in the same clinical 
classification, are less advanced than the sanatorium patients; hence there is a 
lowered expectancy of obtaining positive reports on these field cases. This is 
particularly true of those classified as minimal and moderately advanced. 
For this reason, the probability of obtaining a positive report after any given 
number of examinations, which has been determined for the sanatorium pa- 
tients, cannot be applied to the field cases to estimate the absolute number of 
of sputum-positives which might have been found. They can, however, be 
used to study in a relative way the proportion of total infectious cases which 
might have been discovered in series of varying length. 

When the sanatorium expectancies are applied to the field group the dis- 
crepancy between the two groups causes us to overestimate the number of 
sputum-positives in the field group. This applies to the patients in each 
clinical classification, but is especially marked in those classified as minimal 
and moderately advanced. This means that of the actual sputum-positives 
in the field group a greater proportion would come from the far advanced cases 
than is indicated by this comparison. 

In the discussion of table 2 it is noted that 96 per cent of the far advanced 
sputum-positives were located on the first three examinations as against 85 
per cent of the minimal and moderately advanced positives. This means that 
the latter two classes contribute relatively more to the positives found on the 
second three examinations than they do to those found on the first three ex- 
aminations. A study of table 4 shows that by applying the sanatorium ex- 
pectancies to the field group the number of positives expected from the second 
three examinations come mainly from those classed as minimal and moder- 
ately advanced. If we assume that there is a lowered expectancy of positive 
results from these two groups in the field experience, the effect of our assump- 
tion is to make a relatively greater reduction in the total positives expected 
on the second three examinations than in those expected from the first three 
examinations for the group as a whole. Since the effect of the error intro- 
duced by the discrepancy between the sanatorium and field groups is to over- 
estimate the number of positives expected, as a consequence we have under- 
estimated the proportion of these positives which would be located by three 
as compared to six examinations. 


This analysis, which makes allowance for the number falling into the 
various clinical classifications, is shown in table 4 which is constructed 
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in such a way that the number of cases which would be classed as spu- 
tum-positive after six examinations is shown along with those which 
would be so designated had the series been limited to a shorter number 
of examinations for each case. 

Had six examinations been obtained on all of the 2,733 cases diagnosed 
in this period we should have expected, at the rates calculated from our 
series and shown in table 2, 1,271 to be classified as infectious. Of this 
group of sputum-positive cases 859, or 3, are located on the first exami- 
nation, and 1,141, or 90 per cent, are located after three examinations. 
It is thus evident that the examination of six specimens upon all diag- 


TABLE 4 
Total number of cases of adult type pulmonary tuberculosis diagnosed by the Field Diagnostic 
Service of the Tennessee Department of Public Health over a five year period 1932-1936, by 
classification according to the stage of the disease and the expected number of cases which would 
have been declared infectious after series of sputum examinations of varying lengths 


STAGE OF DISEASE 


advanced 


Total diagnosed 1932-1936 650 575 980 528 


Expected number positive* 
With 1 examination only 458 232 146 23 
With series 2 examinations 524 298 185 31 
With series 3 examinations 550 322 222 47 
With series 4 examinations 566 331 238 47 
With series 5 examinations 568 356 244 56 
With series 6 examinations 574 380 261 56 


* Total diagnosed X probabilities shown in table 2. 


nosed cases cannot be expected to increase the proportion of infectious 
cases located by more than 10 per cent over and above the number 
located had the series been limited to three examinations only. 


DISCUSSION OF FINDINGS IN RELATION TO HEALTH DEPARTMENT 
FACILITIES 


The factors which must be considered in determining the number of 
specimens to be collected from all newly diagnosed cases are (/) the ex- 
pectation of a positive result according to the number of prior negative 
examinations, (2) the case load, (3) the relative “menace” to the gen- 
eral population of the cases located on the early as compared with the 
later examinations, and (4) the available personnel and finances. 


| 
Total 
2,133 
859 
1,038 
1,141 
1,182 
1,224 { 
1271 
| 
} 
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The examination of six specimens collected at daily intervals from 
each diagnosed case is desirable if adequate laboratory facilities and suffi- 
cient personnel are available to oversee the collection of the sputa. 
Where laboratory facilities and local health department personnel are 
limited and 90 per cent of infective cases can be located in the first three 
examinations, and these include those cases with the most profuse dis- 
charge, emphasis should be placed on the collection of the first three 
specimens. The cost in time and money on the collection of the fourth 
to sixth specimens equals that of the first three specimens with $ of the 
“yield” in infective cases located. This is an important practical con- 
sideration in health departments where budgets are limited. 

It should be emphasized, however, that this analysis deals only with 
the examination of an initial series of sputa obtained at the time of diag- 
nosis, and does not, in any way, deal with the examination of sputa 
from cases at intervals during the course of the disease. Such examina- 
tions are indicated from the standpoint of both the clinician and health 
official to follow the course of the disease and to determine changes in 
sputum status. 

SUMMARY AND CONCLUSIONS 


An analysis has been made of the results of the examination of a series 
of specimens obtained daily from newly admitted cases to the Davidson 
County Tuberculosis Sanatorium to compare the proportion of infective 
cases located in series of varying lengths. 

A method for such analysis has been described which makes possible 
the comparison of series of varying lengths. 

The proportion of infectious cases varies according to the clinical 
classification of the cases. 

The probability of obtaining a positive result on any examination de- 
creases as the number of prior negative results increases. 

If the cases of tuberculosis diagnosed by the Field Diagnostic Service 
of the Tennessee Department of Public Health over a period of five years 
had all received a series of six examinations when diagnosed, only 10 
per cent more infective cases would have been located than if they had 
received a series of only three examinations. 

Greater stress should be placed on the collection of a few specimens 
from all newly diagnosed cases than upon the collection of many speci- 
mens from a small proportion of them when there is a limitation of 
personnel and facilities. 


Acknowledgment is made to the late Dr. W. H. Frost at whose suggestion this analysis 
was undertaken and for whose guidance we are indebted. 


STATISTICAL DATA 


Edited by JESSAMINE S. WHITNEY 


EFFECT OF TUBERCULOSIS ON SIZE OF FAMILY 


Miss Jean Downes contributes a very careful and detailed comparative 
study! of the fertility in the general population and in families where a parent 
is tuberculous. Two groups were studied in Cattaraugus County, New York; 
892 families of the late nineteenth century and 158 married couples in the 
twentieth century, 1900-1929. 

The following graphs! show the growth of family units in the two groups. 

The author concludes that “the tendency of the tuberculous family unit to 
be eliminated more rapidly through a somewhat lower fertility operating in 
conjunction with an excessively high mortality among offspring has probably 
been a factor contributing to the decline in the tuberculosis death rate which 
has been occurring over a long period of years.” 


TUBERCULOSIS AND PREGNANCY 


Two recent compilations point to the need for a chest X-ray in prenatal 
cases. In a study’ of 2,834 prenatal cases fluoroscoped, 238 were subsequently 
X-rayed. One hundred sixteen, or slightly over 4 per cent of the total number 
fluoroscoped, were found to have evidence of active or healed primary or 
reinfection lesions, of which the patients themselves were unaware. 

The Bureau of the Census in reporting on an analysis® of all deaths in the 
United States for the year 1936 stated that 60 per cent of all death certificates 
reported more than one cause of death. In the total number of deaths report- 
ing puerperal conditions, numbering 13,675 for the year, 170, or 1.2 per cent, 
reported tuberculosis also, and the death was ascribed to the latter cause. 

A third study* emphasizes the need for the tuberculin test as well as the 


1 Jean Downes: The Effect of Tuberculosis on the Size of Family, The Milbank Memorial 
Fund Quarterly, July, 1939. 

* Harry J. Perlberg, M.D.: A Survey of Chests in Pregnant Women with Statistics for 
One Year at Margaret Hague Maternity Hospital. Presented before the 33rd annual meet- 
ing of the New Jersey Tuberculosis League, Trenton, New Jersey, October, 1939. 

3 Theodore A. Janssen: The Importance of Tabulating Associated Causes of Death. Read 
at the 68th annual meeting of the American Public Health Association, Pittsburgh, Pennsyl- 
vania, October, 1939. 

4 Charles L. Ianne, M.D.: Mass Tuberculin Testing and X-raying, American Review of 
Tuberculosis, December, 1939. 
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Average size of family in successive years after establishment in the nineteenth century 


FAMILIES ESTABLISHED 1850-1890 


oF PERSONS 
Per FaMicy 


7-4 


GENERAL POPULATION 
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Average size of family in successive years after establishment in the twentieth century 


NumBER 
PERSONS 
Per Famity 


6-4 
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fluoroscope and X-ray in prenatal cases, since the latter “do not reveal infec- 
tion until after it has caused a shadow in the lung.” Of 805 pregnant women 
tuberculin tested, 691 tests were read and 284, or 41 per cent of these, were 
positive. Two hundred fifty-two were X-rayed and unsuspected; active 
tuberculosis occurred in 12, or 1.7 per cent of the total number read, namely, 
691. 


CURRENT TUBERCULOSIS DEATH RATE IN THE UNITED STATES 


Provisional mortality rates for the first six months of 1939, collected by the 
United States Public Health Service® from 40 states, show a death rate from 
tuberculosis, all forms, of 47.3 per 100,000 population. The corresponding 
figure for 1938 was 48.9 and for 1937, 54.8. 

Confirmatory evidence that the 1939 decline is continuing is furnished by the 
Metropolitan Life Insurance Company.’ For their industrial policyholders, 
the record for the first nine months of 1939 shows a tuberculosis death rate of 
46.0 per 100,000. Their comment is, ‘This year again it seems certain that a 
new low death rate will be recorded for this disease.” 


MOVEMENT OF POPULATION IN CANADIAN SANATORIA 


Canada now has a central system of reporting ali movement of population 
monthly in tuberculosis sanatoria throughout the Dominion. The first pub- 


lished report is for the year 1937.7 
There were in that year 7,682 admissions of patients with tuberculosis 


classified as follows: 


Total Admissions Per Cent of Total 


Type 


6.5 


Seventy-eight per cent of admissions were between the ages of fifteen and 
forty-five. The average number of family contacts to each patient was 4.6. 
Of the mew cases 55 per cent were admitted within one month of diagnosis. 

Of the 8,268 discharges in 1937, 15 per cent were “cured,” “arrested,” or 
“apparently arrested.” Twenty per cent were discharged by death. Twenty- 
three per cent were discharged against medical advice. 


5 Public Health Reports, October 20, 1939. 
6 Statistical Bulletin, Metropolitan Life Insurance Company, October, 1939. 
7 Annual Report of Tuberculosis Institutions 1937, Dominion Bureau of Statistics, Canada. 
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The length of stay for all patients discharged alive was 286 days; for those 
who died in sanatoria, 301 days. 

Of the discharges in 1937, 2,306 out of 7,276, or 32 per cent, had been given 
collapse surgery. Twenty per cent had had only pneumothorax, 7 per cent 
pneumothorax plus other surgery, and 5 per cent phrenic, thoracoplasty, 
pneumonolysis, oleothorax, or apicolysis, alone or in combinations. 


PUERTO RICO’S TUBERCULOSIS DEATH RATE 


The tuberculosis mortality rate in Puerto Rico has come down from 337 
deaths per 100,000 inhabitants in 1933 to 274 deaths in 1938. This represents 
a reduction of 19 per cent in the tuberculosis mortality rate in five years. The 
number of persons who died from tuberculosis in 1933 was 5,476. In 1938 
there were 4,954 deaths from tuberculosis, or a reduction of 522 deaths in spite 
of the natural increase in population.*® 


DECLINE IN TUBERCULOSIS DEATH RATE IN SWEDEN 


Dr. Erik Hedvall, Assistant Professor of Lund University in Sweden, visited 
the National Tuberculosis Association office recently and gave some interesting 
data concerning the decline of the tuberculosis death rate, all forms, in Sweden. 
In 1938 the rate was 81 per 100,000. This was a decline of 58 per cent from 
the 1911 figure which was 191. In the United States, the corresponding rates 
are for 1911, 159 per 100,000 and for 1938, 49, a decline in the same period of 
69 per cent. 


RECENT DATA ON TUBERCULOSIS IN ENGLAND AND WALES 


A recent report® from the Ministry of Health in London shows that there 
are in England 28,087 beds for tuberculosis in approved institutions, both 
public and private, and that the total tuberculosis deaths for 1938 were 24,173, 
making a ratio of 1.16 beds per annual death. 

The 1938 tuberculosis death rate, all forms, for England was 62.4 per 100,000 
compared with the provisional figure for the United States of 48.6. As in the 
United States, the rate has been declining steadily in the last decade, dropping 
from 95.4 in 1929 to the figure above quoted. The Commenpenting figure for 
the United States in 1929 was 76.0. 

New cases for England and Wales, recorded in 1938, numbered 58,093 and 
the deaths for the same year, 26,176, a ratio of 2.22 new cases reported to each 
annual death. In the United States the corresponding ratio was 1.71. 


8 Puerto Rico Health Bulletin, October, 1939. 
® Twentieth Annual Report of the Ministry of Health, England and Wales, 1938-39. 
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DURATION OF ILLNESS IN TUBERCULOSIS PATIENTS PRIOR TO FIRST 
EXAMINATION BY TUBERCULOSIS OFFICER (ENGLAND) 


Dr. G. Lissant Cox, writing in The Medical Officer’ gives the results of a 
study of the duration of illness of tuberculosis patients applying for treatment 
during the individual years 1920 and 1937. The 1920 group comprised 1,276 
consecutive patients (395 sputum-negative and 881 sputum-positive) and the 
1937 group, 960 patients (261 sputum-negative and 699 sputum-positive). 
Presumably the figures apply to Lancashire, since Doctor Cox is Central 
Tuberculosis Officer for that area. 

Doctor Cox summarizes the results of his investigation as follows: 


Sputum-negative 

192 


ents 
1937 
onths 


Average duration of symptoms from onset to 
first consultation with medical attendant. . . ‘ 2.9 
Average period of treatment by medical at- 
tendant before first examination by tuber- 
culosis officer 4.8 


Average duration of illness before first ex- vs 
amination by tuberculosis officer : 6.1 13.4 


Doctor Cox points out that the reduction in the average duration of symp- 
toms, from onset to first consultation with medical attendant, indicates that 
the efforts of the public health services to encourage patients to seek treatment 
earlier have met with much success, but that there is still room for further 
progress. Likewise, the reduction in the average period patients are kept 
under treatment by medical attendants before the first examination by the 
tuberculosis officer, shows that the general practitioners are more readily 
suspecting tuberculosis and indicates their greater confidence in the scheme 
of referring patients to the tuberculosis officer for an opinion before statutory 
notification. 


10 G, Lissant Cox, M.D.: Duration of Illness of Adult Pulmonary Patients, The Medicai 
Officer, April 1, 1939. 
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Livingston Farrand 
1867-1939 


Dr. Livingston Farrand died in New York City on November 8, 1939, 
after a short illness. 

Doctor Farrand’s career was a very notable one, both in the field of 
Education and in that of Public Health, and has left a deep impress 
upon the modern development of both of these spheres of activity. 

That he was successively President of the University of Colorado and 
of Cornell University is sufficient testimony of his leadership in Edu- 
cation, but it is with his achievements in promoting the cause of Public 
Health that we are here particularly concerned, and, as will be noted 
later, it was in the cause of tuberculosis control that he was especially 
active. 

In 1905, when he was Professor of Anthropology in Columbia Uni- 
versity, he was prevailed upon to become the first Executive Secretary 
of the National Tuberculosis Association then recently organized and 
until 1914 he held this position, which enabled him to take a leading 
part in the development of the early policies of this organization whose 
great success is in no small degree due to his wise and skilful guidance 
during those early formative years of the antituberculosis campaign in 
this country. 

In 1914 he was called to the Presidency of the University of Colorado 
and when, in 1917, America entered the War and the reports of the seri- 
ous prevalence of tuberculosis in France attracted the attention of the 
International Health Board of the Rockefeller Foundation, it was Doc- 
tor Farrand who, upon the recommendation of Doctor Biggs, was in- 
vited to head the Rockefeller Commission for the Prevention of Tuber- 
culosis in France. 

For two years he held this position and in the face of extraordinary 
difficulties his strong and wise leadership set up a nation-wide anti- 
tuberculosis organization in France which formed the basis for the 
splendid advances which that nation has since made in the control of 
that disease. This organization remains the most important permanent 
result of the great American effort in France during the World War. 

272 
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That his services were deeply appreciated in France is attested by the 
enthusiasm of his numerous friends and admirers in that country, 
and officially the French Government expressed its appreciation by 
conferring upon him the Medal of Officier in the Legion.d’Honneur in 


4 


Livingston Farrand 
1867-1939 


1918 and again very shortly before his death by awarding him the very 
unusual distinction of Commander in that Order. 

During this period Doctor Farrand was very influential in the councils 
of the American Red Cross in France and it was consequently quite 
natural that in 1919 he was called to be the Chairman of the American 
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Red Cross Society. He was largely responsible for the development 
of the Red Cross peace program with emphasis upon Public Health 
activities. 

Later in 1919 he was chosen to be the President of Cornell University, 
a position which he held until his retirement for age in 1938. During 
this period he also retained his active participation in health affairs. 
As President he was very active in the administration of the Cornell 
Medical School and in the furtherance of its affiliation with the New 
York Hospital; he was an active member of the New York State Public 
Health Council; and since 1922 was a most influential member of the 
Technical Board of the Milbank Fund in its important program for the 
establishment of its Health Demonstrations. Later he became the 
Chairman of the Board and also a Trustee of the Milbank Fund. In 
these activities, tuberculosis was one of his main interests and he re- 
mained active in them up to the time of his death. In fact there were 
few health problems in New York State during this period in which his 
wise counsel was not sought and it was always generously given. 

After his retirement from Cornell, the value of his wide experience 
and great wisdom in health matters was generally recognized and he 
became Technical Adviser to the New York City Health Department 
in its Neighborhood Health Development in which he had long been 
deeply interested from its beginning, and also was appointed Chairman 
of the Nursing Staff Educational Program of the Health Department. 

Up to two weeks before his death Doctor Farrand retained his full 
vigor of mind and body and gave fully of his time and interest to these 
and other important health problems. Thus, practically up to the very 
end, he remained keen, active and alert and has left behind him an ex- 
traordinary record of achievement which will leave a lasting influence 
upon the history of Education and of Public Health in this country 
and abroad. 

This brief and very inadequate summary of that record would be 
most incomplete without a recognition of the man himself. 

Doctor Farrand combined a wiry and apparently untiring body with 
an alert and logical mind. Thus was joined in him both quickness and 
power. By nature very intelligent, he developed his powers not only 
by sound education but also by his keen observation of both people and 
affairs. He had an unusual retentive memory of things both learned 
and observed, which, with his unusually wide experience, gave him 
great wisdom and understanding. He had a keen but quiet sense of 
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humor, which, with his natural interest in and liking for people, gave him 
great charm and made him a host of devoted friends. 

He was a born executive and as a presiding officer he had few equals. 
At the council table his clarity of thought and cogent expression made 
him invaluable. He was tolerant of differences of opinion but firm 
in his own convictions which were based upon careful thought and study. 
He was an extraordinarily accurate judge of men and was particularly 
happy in his understanding of those with whom he was associated. 
These qualities stood him always in good stead but perhaps nowhere 
more happily than in the conduct of his mission in France where conditions 
made accurate judgments of both facts and personalities extremely 
difficult. 

His great success was, however, based mainly upon sheer character. 
Honest with himself and with others both in thought and action, with 
the highest ethical standards, he always gave the impression of great 
sincerity which, combined with his intellectual and personal qualities, 
gave him great power and influence. 

The world to-day can ill afford to lose a man of such clear vision and 
such high purpose but it has gained so greatly from his life and services 
that our sorrow is mitigated by thankfulness that he lived so long and 
so notably, and to those of us interested in Public Health it is a matter 


for special thankfulness that so large a share of his great talents were 
devoted to this field of activity. 

Doctor Farrand has gone from us but the memory of him and of his 
achievements will always remain in our hearts and in the record of his 


career. 


James Alexander Miller 
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Tillard Burr Soper 
1882-1939 


Willard Burr Soper, aged fifty-six, died in New Haven on October 30, 
1939 from the effects of a tumor of the brain. An operation was per- 
formed the preceding January, and a second, five weeks before death. 
He is survived by his widow, the former Helen Tufts Crocker, two chil- 
dren, his mother, one brother and one sister. 

Doctor Soper was born in Bloomington, Illinois, on December 28, 
1882. After his early education there and at the Lawrenceville School, 
he graduated from Yale University in 1904, and then from the College 
of Physicians and Surgeons of Columbia University in 1908. His post- 
graduate training included resident service in the Presbyterian Hospital, 
New York and he continued there as non-resident bacteriologist from 
1911 to 1913. Later he worked for a year in pathology in Aschofi’s 
laboratory at the University of Freiburg, Germany. In 1917 he be- 
came a Captain in the Medical Corps of the United States Army 
and joined the Presbyterian Hospital (New York) Base Hospital Unit 
which soon was pressed into service with the British Expeditionary 
Forces. He became a Major in 1918, and after the close of the War was 
appointed Lieutenant Colonel in the Medical Reserve Corps. From 
1919 to 1921, he was Associate Medical Director of the Rockefeller Com- 
mission for the Prevention of Tuberculosis in France. From 1914 to 
1917, and from 1922 to 1926, he engaged in practice and tuberculosis 
work in Saranac Lake. Thereafter he went to New Haven, Connecticut, 
where he assumed the directorship of the Bureau of Tuberculosis of the 
Department of Health. In 1927 he was appointed Medical Director of 
the William Wirt Winchester Hospital and Associate Professor of Medi- 
cine in Yale University. He held these positions until the time of his 
death. 

Doctor Soper was a member of a number of medical organizations, 
including the National Tuberculosis Association, American Sanatorium 
Association, American College of Physicians, Association of American 
Physicians, American Clinical and Climatological Association and In- 
terurban Clinical Club. He was also active in various community, reli- 


gious and social organizations. 
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WILLARD BURR SOPER 


Doctor Soper’s medical interests were centered in tuberculosis, and 
he made numerous contributions. Endowed with an objective point 
of view and a lively scientific curiosity, the scope of his interest and 
activity is indicated by his writings on subjects such as experimental 
tuberculosis of the liver, pulmonary asbestosis, experimental tuber- 


Willard Burr Soper 
1882-1939 


culous meningitis, aspiration tuberculosis induced experimentally in 
animals, the immunizing effects of heat-killed tubercle bacilli, anomalies 
of pulmonary anatomy and malignant disease of the lung. He col- 
laborated in the translation from the French of Calmette’s book Tuber- 
cle Bacillus Infection and Tuberculosis in Man and Animals. He also 
contributed in Cecil’s Textbook of Medicine to the section on tubercu- 
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losis. Asa student and scholar, he was intelligent, thorough and precise, 
and the products of his work are distinguished by unusual completeness 
and finish. He had a deeply humane interest which lead him to devote 
much thought and effort to the care of afflicted people and to the pre- 
vention and control of tuberculosis among the students of Yale Uni- 
versity. One of his last appearances at a medical meeting was to 
present, in his convincing and winning manner, a paper on Pulmonary 
Tuberculosis in Young Adults Particularly among Medical Students and 
Nurses before the Congress of American Physicians and Surgeons at 
Atlantic City in May, 1938. Again he discussed the subject at the Bos- 
ton meeting of the National Tuberculosis Association in June, 1939. 
This work on behalf of students is one of the patterns which has been 
followed so effectively in many colleges, schools of nursing and other 
institutions. His attainments extended into the administrative field 
where he demonstrated capacity and ability. He served various med- 
ical organizations, particularly the National Tuberculosis Association, 
in various offices and committees, and often was called upon to repre- 
sent them in special capacities. This he did willingly, reflecting credit 
on those for whom he acted or spoke. 

In personality and character, Doctor Soper was a rare person. He 
was generous, high minded, gentle, and possessed of deep and quiet 
religious convictions. This, together with the gift of a cheerful and 
amiable disposition, won for him the genuine respect and affection of 
those who were privileged to know him. 


J. Burns Amberson, Jr. 


Karl Fischel 
1877-1939 


Karl Fischel died October 29, 1939. A list of his medical accomplish- 
ments, his positions, his papers can be compiled—factually correct, 
but it would not tell much of the centre and the essence of the man. 
It would not express the warmth of his human interest, nor the kindness 
and understanding that he gave in so full a measure to every one of his 
patients and to many other people. It would not show the many who 
deeply grieve at the thought of his death because they received help, 
assurance and warmth from him—far beyond his medical duties. His 
was a deep but mellow pessimism, leaving the surface free and undis- 
turbed for humor and the gentle graces in contact with his fellow beings. 

Equipped with thorough knowledge, keen powers of clinical observa- 
tion and compassionate sympathy for the sufferer, he was first and last 
the physician. Seeing clearly beyond the individual predicament, he 
was aware of and forever studied the social implications of tuberculosis. 
He strove to attack tuberculosis as a mass problem, both by unraveling 
its roots in socio-economic conditions and by explaining the disease to 
the patient, the layman (that is, the potential patient), the general prac- 
titioner and to the powers that might actively help in prevention. He 
was unusually gifted in expressing his thought clearly and pleasantly— 
and left what may well be the climax of his endeavors, a manuscript of 
a book on tuberculosis, addressed to the layman. 

Karl Fischel was born in Teplitz-Schénau, Czecho-Slovakia, July 6, 
1877. He graduated from the University of Vienna in 1901. Yielding 
to his Wanderlust (that he never lost) he served for two years as ship 
surgeon and then practiced for another two years in Cairo. From 1909 
to 1911 he worked in Vienna, and from 1911 to 1914 in various sanatoria 
in Austria and Switzerland. During the War he first served in the Med- 
ical Corps of the Austrian Army and then as military surgeon in the 
hospital in Grinzing, Vienna. Following demobilization he was in 
private practice in the town of his birth until 1921 when he came to 
the United States. From 1922 to 1924 he was Medical Director of the 
J.C.R.A. Sanatorium in Duarte, California. Then he spent one year 
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in postgraduate studies in Vienna. After his return he took up his 
former work in Duarte. For the better part of two years, 1932 to 1934, 
he was ill and not working, except for literary studies. In 1934 he was 


Karl Fischel 
1877-1939 


appointed Medical Superintendent of the N.V.A. Sanatorium, later 
renamed Will Rogers Memorial Sanatorium at Saranac Lake, where he 
remained till his death. 

He is survived by one daughter, Anci Taussig, and her two children 
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who, with Karl Fischel’s son-in-law, came to America shortly after the 
partition of Czecho-Slovakia. 

The most important items of his writings are concerned with clinical 
and socio-economic phases of tuberculosis, with cavities and collapse 
therapy. In 1936 he was awarded the Merritt H. Cash prize of the 
Medical Society of the State of New York for his essay The Problem of 
Tuberculosis. Two years later he received the Léon Bernard Memorial 
prize of the International Union against Tuberculosis for his paper The 
Social Aspects of Tuberculosis. 

Karl Fischel leaves many thankful friends, but few who know how his 
life was a continuous struggle—with many disappointments, because his 
aim was the impossible triad of perfection, harmony and truth. 


Max Pinner 
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PULMONARY TUBERCULOSIS IN CATTLE!? 
The Location and Type of Lesions in Naturally Acquired Tuberculosis 
E. M. MEDLAR 


The literature on tuberculosis contains reports on naturally acquired 
tuberculous infection in a variety of domesticated and wild species. 
Of all species so infected there is only one, the bovine, that naturally 
develops a chronic progressive tuberculosis of the lung that is comparable 
to the disease in man. A search of the literature and correspondence 
with federal meat inspectors in the United States and Canada failed to 
elicit any information of a statistical analysis as to type and location of 
tuberculous lesions in the bovinelung. Smith (1) noted that tuberculous 
lesions were more numerous in the dorsal and caudal portions of the 
bovine lung and ascribed this to its being the most direct route for the 
tubercle bacillus to reach the pulmonary parenchyma. He also ob- 
served that no part of the lung tissue was immune to infection. Nieberle 
(2) agrees in the main with the observations made by Smith (1). The 
routine method used by meat inspectors in the macroscopical examina- 
tion of the lungs of cattle in abattoirs corroborates the above observa- 
tions. First the mediastinal and peribronchial lymph nodes are sec- 
tioned. The lungs are then placed dorsal side up with the caudal end 
toward the examiner and a rapid palpation of the caudal and dorsal 
aspects of the lung is done. This completes the examination which I 
have found reveals in the large percentage of cases the presence or 
absence of tuberculosis in the organs. It is the concensus among those 
who have seen a great deal of bovine tuberculosis that in animals over 
six months of age the disease is primary in the lung and is in all proba- 
bility contracted by inhalation of the bacilli. Nieberle (2) states that 
in cattle 90 per cent are primary lung infections. From a careful 
examination of 100 suckling tuberculous calves Nieberle (2) determined 
that in 13 per cent the lung and in 72 per cent the gastrointestinal tract 


1 Presented at a session of the Pathological Section at the 35th annual meeting of the 
National Tuberculosis Association, Boston, Massachusetts, June 27, 1939. 

?From the Hegeman Memorial Research Laboratory, Metropolitan Life Insurance 
Company Sanatorium, Mount McGregor, New York. 
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was the primary site of infection. In 15 per cent the primary focus 
could not be definitely determined. 

In man and in cattle pulmonary tuberculosis is similar in that it is a 
naturally acquired infection, probably from contaminated air, and in 
that a chronic progressive disease with cavitation occurs frequently. 
The two species differ in their mode of life, in their posture, in their 
diet and in their general metabolism. As a study in comparative path- 
ology it appeared to be desirable to make a study of the types of tu- 
berculous lesions and to determine their relative frequency in different 
areas of the bovine lung. A sample suitable for statistical analysis 
should contain a sufficient number of specimens of early and advanced 
disease from different localities so that a fair cross-section of the disease be 
represented. Because of the great advance in the eradication of bovine 
tuberculosis in the United States and Canada large numbers of tuber- 
culous lungs are no longer available for study. Through the generous 
codperation of the United States Bureau of Animal Husbandry, the 
Ministry of Agriculture of Canada and several meat packing corporations 
it was made possible to retain tuberculous lungs in large containers in 
freezing rooms and for the author to examine these specimens at the 
abattoirs under the supervision of federal meat inspectors. Such 
material was examined at the Newhof Packing Company in Albany, 
New York, Canada Packers and Wilsil’s Ltd., Montreal and Canada 
Packers and Swift & Co. at Toronto, Canada. The total sample con- 
tained 520 pairs of tuberculous lungs and is considered to fairly represent 
pulmonary tuberculosis in cattle for a considerable area in which dairy 
farming is a major industry. 

A considerable portion of the material was obtained from dairy cattle 
which were reactors. The majority of these reactor cattle were “no 
lesion” cases, as classed by the inspectors, and of those which showed 
lesions a large majority had well localized foci in smallnumbers. Toward 
the end of the study concentration on far advanced pulmonary disease 
was made in order that a sufficiently large sample of cavitating lesions 
be obtained. Holstein, Ayershire, Jersey, Hereford, Swiss, Polled 
Angus and mongrel breeds were all represented in the group. It ap- 
peared to be unnecessary to tabulate the results according to the breed 
of cattle as meat inspectors of large experience had not observed any 
appreciable difference in susceptibility to tuberculosis among the various 
breeds of dairy cattle. 

The distribution of the material between Albany, Montreal and 
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Toronto with regard to whether there were single, multiple or cavitating 
lesions is shown in table 1. 


TABLE 1 
Total and per cent distribution of tuberculous lungs 


PAIRS OF LUNGS . PER CENT 


Total [Toronto Albany| Total | Toronto | Albany 


Distribution of lesions of all kinds 


520 | 221 148 | 100 

142 48 47 | 27.3 
247 90 80 | 47.5 
131 83 21 25.2 


Distribution of single lesions 


All single lesions 142 48 47 100 

Bilateral 29 5 13 20.4 
Unilateral 
67 29 22 
46 14 12 


Distribution of multiple lesi 


All multiple lesions 247 77 80 | 100 
Multiple, both lungs 96 30 22 
Lesions both lungs— 
Multiple 

i 28 8 8 12 
40 16 16 8 


45 12 13 20 
38 10 10 18 


Distribution of cavitating lesions 


All cavitating 83 27 21 | 100 100 

Bilateral 45 13 9 48.1 
Unilateral 
21 10 37.0 
17 4 14.9 


Significance tests* were performed on the data contained in table 1 
to determine whether there was fairly close correlation between the 


3 The author is indebted to Dr. A. J. Lotka of the Statistical Division of the Metropolitan 
Life Insurance Company for all of the significance tests presented in this paper. 


| 
100 | 100 | 100 
21.7 | 31.1] 31.8 
40.7| 51.0} 54.1 
37.6 | 17.9| 14.1 
100 | 100 | 100 
10.4| 27.7| 23.4 
60.4 | 46.8] 34.0 | 
29.2 | 25.5 | 42.6 
ons 
100 | 100 | 100 
9| 48.9] 38.9| 27.5 
8.9] 10.4| 15.0 
.2| 17.8| 20.8| 10.0 
Unilateral 
18.2| 13.3| 16.9| 25.0 
| 15.4] 11.1] 13.0| 22.5 
100 
42.9 
19.0 
38.1 
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distribution of tuberculous lesions in the three localities. The following 
results were obtained: 


A: The distribution by kind of lesion, that is, single, multiple or cavitating, 
was not significantly different in the Montreal and Albany samples. The 
Toronto sample was significantly different from the others. This is due to the 
fact that a conscious effort was made to enlarge the sample of cavitating lesions 
from the Toronto material as a much larger number of cattle were being 
slaughtered there during our investigation. 

B: The distribution of single lesions in a lung, whether bilateral or unilateral, 
left or right, was not significantly different when Montreal and Albany, or 
Montreal and Toronto samples were compared. There was a significant dif- 
ference between the Toronto and Albany samples. No satisfactory explana- 
tion for this difference is at hand. 

C: The distribution of multiple lesions per lung whether bilateral, bilateral 
lesions with multiple foci in one lung and single in the other, or unilateral, left 
or right, was found to show the same situation as present in the sample of single 
lesions. Again no explanation can be given. 

D: The distribution of cavitating lesions whether bilateral or unilateral, left 
or right, was not significantly different in the three samples. This is of especial 
interest because the Toronto sample contained almost twice as many pairs of 
lungs as the combined samples of Montreal and Albany. From this it appears 
that in cattle tuberculous lesions cavitate with equal frequency in either lung 
and that such lesions in both lungs of a pair is a very common occurrence. 


From the above analysis one may surmise that the sample as a whole 
contains sufficient points of similarity and of difference to represent the 
general picture of pulmonary tuberculosis in cattle. 

As each pair of lungs was examined the relative location of the tuber- 
culous lesions was plotted on a dorsal or a ventral outline of the lung. At 
the same time it was noted whether the lesions lay superficially or deep 
within the lung parenchyma. All of the lesions were cut into and the 
macroscopical appearance was observed. The type of macroscopical ap- 
pearance was noted as follows: early (very slight caseation) ; soft caseous; 
firm caseous; fibrocaseous; calcified; and cavitating. The-type of lesion 
was noted for each lesion as it was plotted in the outline of the lung. 
The cavitating lesions were all determined by the presence of tubercles 
and/or pus in the bronchi which led directly to the lesion. It was 
found that a large proportion of tuberculous foci which were filled with 
soft caseous |material did not open directly into bronchi and that the 
bronchi leading to the area of such lesions were free from pus and tuber- 


PULMONARY TUBERCULOSIS IN CATTLE 287 


cles. The only way to demonstrate an open cavitating lesion was to slit 
open the bronchi and search for the presence of pus and tubercles. 
Each lesion denoted as cavitating in this study was determined from 
a careful study of the content of the bronchi. In numerous instances 
a pair of lungs with foci, often of considerable proportions, too numerous 
to plot accurately would show but one open cavitating lesion in one of 
the lungs. 

During the study 2,005 tuberculous lesions were plotted as described 
above. An assemblage of all the lesions into a single dorsal or ventral 
outline of the lungs for each locality showed a similar peculiar distribution 
for all three localities. Foci were much more numerous on the dorsal 
than on the ventral surface and lesions deep within the lung parenchyma 
were few. Lesions were much more numerous in the caudal portion of 
the lung than in the cephalic area in both the dorsal and ventral aspects 
of the lung. Lesions were somewhat more numerous in the right lung 
than in the left but a similar peculiarity of distribution was present in 
both lungs. While there were more numerous foci in some areas than in 
others no portion of the lung parenchyma failed to show lesions when all 
of the foci were assembled into a single lung. If one disregarded the 
difference in numbers of lesions in the samples from Albany, Montreal 
and Toronto, no distinction in the general picture of the three samples 
was evident. 

While collecting the data an impression was gained that if there was 
a single tuberculous focus in a lung there was no predilection for its 
location. When, however, all of the single lesions in the right or left 
lung for all three localities were plotted in a single graph (figure 1) a 
picture very similar to that described above was obtained, that is, lesions 
were more numerous in the dorsal and caudal portion of the lung. 
Graphs from single-lesion lungs and multiple-lesion lungs were very 
similar except that there were many more lesions in the multiple-lesion 
graph. These observations suggest two things. First, while chance 
plays a large part in this localization of a tuberculous infection in the 
lung parenchyma it can hardly account for a much heavier seeding of the 
caudal portion of the lung unless the volume of the lung tissue in this 
region is much greater. Secondly, the similarity of distribution of 
lesions in lungs with single and with multiple foci suggests that where 
multiple lesions are present they probably represent a greater air-borne 
infection rather than a spread within the lung from a solitary focus. This 
latter concept is further strengthened by the widely scattered foci and 


RIGHT BOVINE LUNG 
SINGLE TUBERCULOUS 
LESIONS PER LUNG 


LEFT BOVINE LUNG. 
SINGLE TUBERCULOUS 
4ES/0N PER LUNG 


Fic. 1. Outline of the right and left lung showing the distribution of all"the lesions in the 
group of single lesion per lung. Each dot represents the lesion found in a lung. Note the 
wide scatter of foci and the tendency for the lesions to be most numerous in the dorsal and 
caudal portions of the lung. 
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RIGHT BOVINE LUNG 
TUBERCULOUS CAVITIES 


LEFT BOVINE LUNG 
TUBERCULOUS CAVITIES 


Fic. 2. Lung outline similar to fig. 1, showing the distribution of all cavitating lesions per 
lung. Although there is a wide scatter of foci there is a greater concentration of lesions in 
the dorsal and caudal areas than in fig. 1. 
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by the fact that in none of these lungs were open cavitating lesions 
demonstrable. 

A graph (figure 2) of all the cavitating lesions of the right or the left 
lung shows an even greater concentration of lesions of this type in the 
dorsal and caudal areas of the lung than is apparent in the graphs of 
single or multiple lesions. This peculiarity will be considered later. 
In all of the lungs which showed open cavitating lesions the disease was 
wide-spread in the lung parenchyma. A wide variation in size and in 
macroscopical appearance of the lesions was apparent. Recent and older 
areas of tuberculous bronchopneumonia due to bronchogenic spreading 
were always present. 

Due to the shape of the bovine lung the major portion of the volume 
of lung parenchyma is in the caudal half of the diaphragmatic lobe. 
To determine whether the larger number of tuberculous lesions in this 
area might be due to the greater volume of parenchyma, hence a greater 
volume of air inhaled, the approximate weight for arbitrarily chosen areas 
was obtained. A normal cow’s chest was dissected to determine the 
position of the lung in the normal standing posture. The thoracic 
vertebrae were exposed so that the relation of the lung position to the 
vertebrae could be easily determined. Subsequently photographs of the 
left and right (figure 3) lateral views of the chest were obtained. From 
these photographs a fairly accurate lateral outline of the lung was ob- 
tained. This outline was marked off into seven areas. The diaphrag- 
matic edge of the posterior lobe was divided into three equal parts and 
lines parallel to the base or ground were drawn, thus dividing the lung 
into three portions. These (figure 3) were labeled A, B and C, A being 
the most dorsal area. Lines perpendicular to the horizontal ones were 
drawn at the fifth, seventh and ninth thoracic vertebra. The four per- 
pendicular portions (figure 3) were labeled 1, 2, 3 and 4, 1 being the 
most caudal area. Twelve pairs of normal bovine lungs were then ob- 
tained and, after freezing, the individual lungs were cut in approximately 
the same way using the lung outline mentioned above as a guide. 
These different horizontal and vertical areas were weighed and an 
average of the areas for each lung and for the combined lungs was 
obtained. 

The average weights for the seven specified areas of normal lung tissue 
are given in table 2. 

In all of the computations of the number of tuberculous lesions per 
100 g. of normal lung for whole lung or for specified areas the averages 
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Fic. 3. Photograph of a dissected cow’s chest showing the right lung in normal position. 
The horizontal and vertical lines divide the lung into areas A, B, C, 1, 2,3 and 4. These are 
arbitrary areas used to determine the frequency of lesions per 100 g. of normal lung tissue. 


TABLE 2 


Weight in grams obtained from twelve pairs of normal fresh bovine lungs—range and average of 
weight for whole lungs and for specified dorsoventral and caudocephalad areas 


LUNGS COMBINED (GRAMS) LEFT LUNG (GRAMS) RIGHT LUNG (GRAMS) 


Range Average Range Average Range Average 


Whole organ 1,808-3,621 | 2,646 | 754-1,495 | 1,084 | 1,054-2,126 | 1,562 
Dorsoventral 
A 541-1 ,030 793 | 247-474 367 294-556 426 
B 904-1,749 | 1,253 | 387-751 534 517-998 719 
Cc 363-842 600 | 120-270 183 243-572 417 


Caudocephalad 
1 268-608 432 | 108-238 172 160-370 260 
725-1,368 | 1,024 | 327-595 442 398-773 582 
614-1, 155 866 | 264-504 366 350-651 500 
201-490 324 | 55-158 104 146-332 220 
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given in table 2 have been used. These averages are acknowledged 
to be but a rough estimate but they are considered sufficiently ac- 
curate for purposes of comparison. ‘The age and the breed of animal 
greatly influence the size and weight of the lung. The breeds represented 
were Holstein, Jersey, Ayershire, Swiss and mongrel. The age of the 
animals varied from three to nine years. 

The tuberculous lesions from all these localities were then plotted in 
a lateral outline of each lung and the number of lesions for each of the 


TABLE 3 


Number of lesions, frequency of lesions and ratio of lesion frequency between specified areas 


NUMBER OF LESIONS PER 100 G. RATIO OF LESION FREQUENCY BETWEEN 
LESIONS NORMAL LUNG SPECIFIED AREAS 


Areas 
compared 


Both lungs 
Both lungs 
Left lung 
Both lungs 
Left lung 
Right lung 
Left to right 


YS | Left lung 
Ge 


Total 


Dorso- Dorso- 


Dorso- 
ventral ventral 


ventral 
A > 656 164.8177 AtoC S. A 
B 283) 38.9) 38 Ato B B 
| 123) 35.2) 48 Bec C 
Caudo- Caudo- Caudo- 
cephalad cephalad cephalad 
1 5) 435 203.5 258.3/167. 1 
| .0* 6.5* 4.0* 
£33 


346 63.1) 67.9) 59.4 
210) 41.1) 39.7| 42.1 


Ww UI 


4 | 12: 71, 38.0) 50.2) 32.3 


* Denotes that the frequency of lesions in the two areas compared is significantly dif- 
A difference to be significant must be greater than twice its standard error. 


ferent. 


horizontal and vertical lung fields mentioned above was obtained. From 
this it was possible to determine the number of foci per 100 g. weight of 
normal lung tissue. In table 3 data are presented as to the number of 
lesions, frequency of lesions and the ratio of lesion frequency between 
specified areas. 

A few of the significant differences shown in table 3 will be briefly 
discussed. While more lesions were found in the right than in the left 
lung, the number of lesions per 100 g. of normal lung are significantly 
greater in the left lung. The right lung is considerably heavier due to 
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bo 
2,005 ,062) 75.8 87.0 68.0 
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greater volume than the left. In areas A, C, 1 and 4 the number of 
lesions per 100 g. of normal lung in the left are significantly greater than 
similar areas in the right lung. While there may be reasons for these 
differences no plausible explanation can be given at present for the 
differences between A and 1. The bronchus of the anterior or cephalic 
lobe of the right lung arises near or cephalad to where the trachea 
divides into the right and left bronchus. This bronchus points 
ventrally at right angles to the trachea. This lobe of the lung is of con- 
siderable size and has a bulbous ventral ending the size of a closed fist. 
This bulbous portion fits into the space ventral and cephalad to the 
heart. Compared to the diameter of the trachea the diameter of the 
bronchus to this lobe is small. Area 4 on the right side is composed in 
large part of this cephalic lobe and areaC contains the large bulbous 
portion of the same lobe. The table shows that these two areas on the 
right side have fewer lesions per 100 g. of normal lung than any of the 
other areas of either lung. It may be that purely mechanical factors 
influence the lessened distribution of bacilli to this lobe. If this be so 
then the aerogenous origin of tuberculous infection is strengthened. 
Against the purely mechanical explanation is the fact that the large 
bulbous ventral portion of the lobe showed considerably fewer lesions 
per unit volume than did the thin dorsal portion. It seems probable 
that factors other than the mechanics of respiration play a part in 
the development of foci within this lobe. 

As a whole the dorsal and caudal portions of both lungs show a much 
greater concentration of tuberculous foci than any other areas. This 
is shown most strikingly in the ratio of lesion frequency per 100 g. weight 
of normal lung between areas A and C and areas 1 and 4. These dif- 
ferences will be discussed later. 

From the macroscopical examination of large numbers of tuberculous 
lesions in man and in animals it has been established that a great variety 
of appearances exists. The different pictures exhibited are due to a 
combination of the inflammatory content, the amount of necrosis of 
tissue and inflammatory exudate and the extent of repair, fibrosis or 
calcification. Because one or the other of these factors may be domi- 
nant it is possible to denote certain types of lesions. In the present 
study the lesions have been separated into certain macroscopical types to 
determine whether there may be a predominance of certain types in any 
particular portion of the lung tissue. The following indicates the divi- 
sion of the 2,005 tuberculous lesions examined: 
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1: Early—no evidence of fibrosis or calcification and only small foci of necrosis. 
2: Soft caseous—a thinly encapsulated lesion from which, when cut open, puru- 
lent material can easily be expressed. 

3: Firm caseous—necrosis without softening dominates the picture. 

4: Fibrocaseous—fibrosis dominates the picture—the necrotic material may 
be soft or firm. 

5: Calcified—calcification dominates the picture. 

6: Cavitating—the lesion is discharging the softened necrotic material into 
a bronchus. 


Since both of the lungs showed quite a similar distribution of numbers 
of lesions in certain specified areas of the parenchyma it was deemed 
sufficient to consider the types of lesion with the data from both lungs 
combined. The combined average weight of areas A, B, etc. was used 
when determinations of the number of lesions per 100 g. of normal lung 
were made. In table 4 data relative to the number of lesions, lesions per 
100 g. of normal lung and ratio of lesion frequency between specified areas 
for the different types of lesions are presented. 

Certain very striking differences in the ratio of lesion frequency 
between specified areas are shown in table 4. The very high incidence 
of soft caseous and cavitating lesions, the low incidence of fibrocaseous 
and calcified lesions and the intermediate position of the early and firm 
caseous lesions distinguish A and 1 from all the other areas. In A, 
84.4 per cent of the lesions are either soft caseous or cavitating while 
only 12.6 per cent are firm caseous, fibrocaseous or calcified. A similar 
picture is present in1. In C, 32 per cent are soft caseous or cavitating, 
and 68 per cent are firm caseous, fibrocaseous or calcified. A picture 
quite similar is present in 4. This marked tendency for the soft caseous 
and cavitating lesions to dominate the picture in A and 1 and for the 
firm caseous, fibrocaseous and calcified foci to dominate the picture in C 
and 4 is still further accentuated when the ratio of lesion frequency be- 
tween such areas is considered relative to the number of lesions per 100 g. 
weight of normal lung. A comparison of A and C shows the following 
ratios: all lesions, 47:10; soft caseous, 147:10; cavitating, 84:10; firm 
caseous, 13:10; fibrocaseous, 10:100; and calcified, 10:100. The data 
in table 4 show clearly that in bovine pulmonary tuberculosis prior to 
cavitation and bronchogenic spreading the soft caseous lesion predomi- 
nates. While such foci may be found in any portion of the lung they 
are about fifteen times as frequent in Aasin Cand 4. In the advanced 
stages of the disease a similar situation is present in that there is a predi- 


TABLE 4 


Number of lesions, frequency of lesions and ratio of lesion frequency between specified areas for 
types of lesion 


TYPE OF LESION 


Early 


Soft 
caseous 


Fibro- 
caseous 


Firm | 
caseous | Calcified | Cavitating 


Number of lesions 


Total 


Dorsoventral 
A 
B 
c 
Caudocephalad 
1 


2 
3 
4 


75 


38 
27 
10 


31 
24 
13 

7 


1,076 


813 
221 
42 


547 
358 
141 

30 


412 


159 
158 
95 


113 
130 
120 

49 


Lesions per 100 g. of normal lung 


Total 


Dorsoventral 
A 
B 
Cc 
Caudocephalad 
1 


2 
3 
4 


2.83 


40.66 


102.53 
17.63 
7.00 


126.47 
34.92 
16.31 

9.27 


15.57 


20.05 
12.61 
15.84 


26.13 
12.68 
13.88 
15.14 


Ratio 


of lesion frequency between specified 


Areas compared 
Dorsoventral 
Ato C 
AtoB 
BtoC 
Caudocephalad 
1to4 
1 to 3 
1 to 2 
2 to4 
2 to 3 
3to4 


14.7* 
5.8* 


13.7° 
7.8* 
3.6* 
3.8* 
2.1° 
1.8* 


0.3* 
0.4 
0.6 


* Denotes that the frequency of lesions in the two areas compared is significantly dif- 
ferent. A difference to be significant must exceed twice its standard error. The data on 
calcified lesions is too small for significance tests to be reliable. 
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AREA 
= 45 21 376 
5 1 291 
10 12 59 i 
30 8 26 
3 0 186 | 
11 5 119 
18 10 53 
13 6 18 | 
| 
4.79 0.63 0.13 | 36.70 | 
2.15 0.80 | 0.96 4.71 i, 
1.67 5.00 | 1.33 4.33 } 
7.17 0.69 43.01 bi 
2.34 1.07 | 0.49 | 11.61 i 
1.50 2.08 | 1.16 6.13 i} 
| 2.16 4.02 | 1.85 5.36 { 
1.3 | o1* | 8.4* 
2.2* 1.6* | 0.8 | 0.2 7.8* 
1.3 0.8 0.2* 0.7 1.1 i 
3.3* 1.7* | 0.2* 7.7* 
4.8* 1.9% | 0.3* 7.0* 
2.1* | 0.7 3.7* 
1.1 0.8 0.3* 2.1* 
1.6 0.9 0.5 1.9* Hf 
0.7 0.9 0.5 1.1 
4} 
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lection for cavitation to occur in the dorsal and caudal areas. The in- 
frequency of calcified foci was unexpected as in the literature calcifica- 
tion is spoken of as a frequent occurrence. In the less advanced stages 
of the disease calcification of lesions is rare. It was found more fre- 
quently in the lungs with advanced disease but it was not found to be 
a predominant feature even there. 

In addition to the data presented on the 520 pairs of tuberculous lungs, 
certain other observations were made which are worthy of note. Ap- 
proximately 200 pairs of lungs from reactor cattle which were classed as 
“no visible lesion’ cases were examined. These animals showed no 
glandular involvement on careful macroscopical examination. In 20 
instances, approximately 10 per cent, definite though small tuberculous 
foci were found in the pulmonary parenchyma. While this finding does 
not render a carcass unsuitable for meat it does demonstrate that 
failure to find visible glandular tuberculosis does not mean that paren- 
chymal lesions are absent. 

During the course of our study several thousand calves were slaugh- 
tered. In these only 4 cases of pulmonary tuberculosis were found. The 
pulmonary involvement consisted in each instance of a solitary focus 
in the parenchyma with but slight tuberculosis of the lymph node in the 
path of lymph drainage. 

Four cases of advanced tuberculosis of the abdominal viscera and peri- 
toneum with extensive mediastinal lymph node and pleural involvement 
were encountered in adult cattle. In 3 of these cases no lesions of the 
lung parenchyma were found after very careful search. These animals 
apparently had a primary intestinal tuberculosis. If this small sample 
be at all representative, it would seem that pulmonary tuberculosis 
secondary to intestinal infection is relatively infrequent. 

Tuberculosis of the pleura was a very frequent finding in the far 
advanced disease. An occasional case of tuberculous pericarditis and of 
generalized miliary tuberculosis was observed. Lesions in the mesen- 
teric lymph nodes, intestines and liver were not uncommon and renal 
tuberculosis was occasionally seen. From observations on the cavitating 
pulmonary cases it appeared that spread of the disease to the intestinal 
tract by ingestion of bronchial exudate was frequent. Invasion of the 
blood-stream with the production of a generalized miliary tuberculosis 
was relatively rare, being present in but 3 of the 131 cases examined. 

Tubercles, with or without ulceration, in the tracheal and bronchial 
mucosa were a very common occurrence in the far advanced cases. As 
stated above, the only way that it was possible to determine whether a 


PULMONARY TUBERCULOSIS IN CATTLE 297 


tuberculous focus was undergoing cavitation was to demonstrate tuber- 
cles and/or pus in the bronchi. It was rare to find purulent exudate 
without tubercles in the bronchial mucosa. In the majority of instances 
tuberculous ulcers were numerous in the bronchus into which the cavi- 
tating lesion was draining. Frequently the trachea also showed scattered 
ulcerative lesions throughout its entire length and often these ulcers were 
considerably larger than those in the bronchi. In every instance 
the entire bronchial tree was slit open as far as possible with a sharp 
pointed knife. In the large majority of instances the bronchial mucosa 
was free from lesions except in those branches that led directly to the 
cavitating lesions. In some of the cases tubercles were present in the 
proximal portion of bronchi not in direct line of drainage of the cavitating 


lesions. In no instance was there found a universal spread of tubercles . 


throughout the bronchial tree. Tubercles were not seen in the bronchi 
or trachea in the cases classed as single or multiple lesion lungs in this 
study. In cattle it appears that endobronchial tuberculosis is dependent 
upon a more or less constant drainage of tuberculous pus from a cavita- 
ting lesion. That is, tubercles of the bronchial mucosa seem to be 
secondary not primary lesions and they do not seem to be of haematog- 
enous origin. 

During our study a number of cases of nontuberculous broncho- 
pneumonia were observed. In all of the cases the cephalic lobe, espe- 
cially the ventral portion, was the chief site of involvement. Our 
observations correspond to those of Smith (1) who found this same distri- 
bution of lesions in bovine pneumonia and in swine plague. This finding 
is of especial interest when one considers the posture of cattle. 

A considerable amount of tuberculosis in swine was also studied during 
the investigation. In no instance was a pulmonary infection similar to 
that of cattle observed. Practically all of swine pulmonary tuberculo- 
sis was of the generalized miliary type and no cavitating lesions were 
observed. The tubercles were firm, rather opalescent and showed very 
little macroscopical evidence of necrosis. Since in swine the infection 
is largely with the avian type of tubercle bacillus it may be that this 
accounts for the difference in the macroscopical appearance. Meat 
inspectors with large experience stated that they had not seen pulmonary 
tuberculosis in swine which had the characteristics observed in cattle. 


COMMENT 


In the data presented above the statistical analysis has brought out 
many points of interest and of significance relative to the general picture 
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of pulmonary tuberculosis in cattle. The material for the study is a 
sample from a large area and embraces all stages of the disease. The 
similarity and dissimilarity between the three localities in which the 
study was conducted are sufficient to warrant a deduction that a fairly 
representative cross-section of the disease has been obtained. 

From the group of single lesions per lung it appeared that the right 
lung was more frequently infected than was the leftlung. This difference 
disappeared when multiple foci or cavitating lesions were present. There 
were 6 per cent more lesions in the right lung than in the left. When, 
however, the greater volume of the right lung was considered it was found 
that, per unit volume, the left lung had 12 per cent more lesions than the 
right. In cattle it would seem that both lungs are about equally in- 
volved. The differences found can be discounted when the lung volume 
and the peculiar anatomical position of the cephalic lobe of the right 
lung are brought into the picture. 

Studies on human pulmonary tuberculosis have created an impression 
that the right lung is more frequently involved than the left. From the 
analysis of an apparently similar situation in the bovine lung with solitary 
lesions it would seem that the volume of tissue per lung and the anatom- 
ical structure of each lung should be given due consideration whenever 
any attempt is made to determine whether one or the other lung may 
be the more frequent site of infection. 

Single tuberculous lesions were found in all regions of both lungs. 
Multiple lesions per lung showed a similar haphazard distribution. A 
graph containing all the single lesions shows a distribution similar to that 
in a graph of all multiple foci. The cephalic lobe of the right lung was 
found to have 20 per cent fewer lesions per unit volume than a similar 
area of the left lung. This difference may well be due to the peculiar 
position of the bronchus to the right cephalic lobe. The haphazard 
distribution of tuberculous lesions in the lung parenchyma and the 
similarity between solitary and multiple foci distribution strongly sug- 
gest that the infection is air-borne. In the groups of single and multiple 
lesions there was no macroscopical evidence of tuberculosis in any tissue 
other than the lungs and the bronchial or mediastinal lymph nodes. A 
much wider distribution was frequently seen in the cavitating cases. 
These observations tend further to favor the air-borne route of infection. 
A study of human pulmonary tuberculosis along similar lines would help 
greatly to clarify the part that air-borne infection may play. 

A casual inspection of a graph containing all of the tuberculous le- 
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sions shows that the most common area for lesion location is on the dorsal 
aspect with a considerable concentration toward the caudal end of the 
lung. This agrees with the observations of Smith, Nieberle and others 
who have had large experience with bovine tuberculosis. Another 
peculiarity, commonly noted in the literature, was that the lesions, 
except in advanced cases, are preponderantly superficial (figure 4), and 
rarely found deep within the lung parenchyma. A determination of the 
number of lesions per unit volume of lung tissue proves the impression 
gained from casual inspection. A comparison between the most dorsal 
and most ventral areas of the lung shows that tuberculous foci were 
approximately five times more numerous in the dorsal area. A similar 
condition was found when the most caudal and most cephalic areas were 
compared. This peripheral dorsocaudal predilection is impressive. An 
explanation of this phenomenon is not simple. A strictly mechanical 
and plausible explanation is at hand for the failure of tubercle bacilli to 
lodge in the lung until they have been carried beyond the point where 
ciliated epithelium lines the bronchi. The mechanics of distribution 
does not explain the infrequency per unit of volume of tuberculous foci 
in the deeper portions of the lung parenchyma. When considered unit 
volume for unit volume one would have expected that, with the size of 
our sample, an equal occurrence of tuberculous foci in all portions of the 
lung parenchyma would have been found. This has not proved to be 
the case. Failure of mechanical distribution to explain the condition 
leads one to surmise that, in the deeper portions of the lung parenchyma, 
a condition exists which may not be favorable for the survival of the 
tubercle bacilli that may perchance lodge there. 

A study of the distribution of lesions as to the type of lesion showed 
a still greater discrepancy between certain portions of the lung paren- 
chyma. This is well brought out by a comparison per unit volume of 
normal lung tissue between the dorsocaudal and cephaloventral areas. 
For all lesions the ratio was about 5 to 1; for soft caseous 15 to 1; for 
cavitating about 8 to 1; and for calcified approximately 1 to 10. From 
this comparison it is evident that, after the tubercle bacilli have initiated 
a parenchymatous lesion, the course of the focus is greatly influenced by 
the site of its location. A postulate may be expressed that different 
areas of the pulmonary parenchyma possess inherently different char- 
acteristics. The author is unable to prove what these inherent char- 
acteristics are. 

A careful study of the bovine lung in situ shows it to be approximately 
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Fic. 4. Cross-sections of a cow’s chest (tracings from photographs by Lagerlof (8)), show- 
ing the great tendency of tuberculous foci to be in the periphery of the lung parenchyma. 
1 is the most cephalic and 4 the most caudal portion. The dots in 1 represent all noncavitat- 
ing lesions in area 4 of fig. 3, and the dots in 4 represent all of the noncavitating foci ir are2 
1 of fig. 3. While tuberculous lesions were found deep within the lung parenchyma they were 
infrequent where the number of foci in the lung was few. In the far advanced cases with 
cavitation tuberculous lesions were very common deep within the pulmonary parenchyma. 


triangular in shape dorsoventrally and cephalocaudally with the apices 
of the triangles pointing toward the spine and the first rib. The long 
diameter of the organ is from about the eleventh thoracic vertebra down- 
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ward and forward to the junction of the first rib with the sternum. The 
diaphragm, while being convex on its pleural side, tends to form an 
obtuse angle of about 110 degrees to the horizontal at the posterior end 
of the thorax. The dorsal limit of the thoracic cavity is in the shape of 
a part of a parabolic curve with its lowest portion cephalad and its 
highest portion caudal. The heart lies ventral in the anterior chest and 
largely to the left. Within these confines the lungs show a decided up- 
ward caudal tilt (figure 3). The higher portions of the lung parenchyma 
lie then dorsal and caudal. It is in these areas that tuberculous lesions 
are most numerous and also that there is an accentuation of soft caseous 
and cavitating lesions. The peculiar shape of the lung throws the large 
part of its volume in the caudal or diaphragmatic lobe. This is true of 
the left lung more than the right. When considered on a basis of unit 
volume the dorsocaudal part of the lung shows a much greater accentua- 
tion of the soft caseous and cavitating lesions than is evident from other 
methods of study. It is apparent that the apex (higher portion) of the 
bovine lung is dorsocaudal and that it is in this area that tuberculous 
lesions are especially prone to soften and cavitate. 

Smith (1) observed a distribution of tuberculous lesions similar to that 
found in our sample. He also concluded from far advanced disease that 
no portion of the lung parenchyma wasimmune. Nieberle (2) and others 
have presented similar observations. Smith (1) stated that the greater 
distribution of lesions in the dorsocaudal area was because that was the 
most direct course of air-flow. Our data substantiate this in part when 
the infrequency of infection of the right cephalic lobe is considered. A 
further analysis on a basis of per unit volume as to number and type of 
lesion shows certain discrepancies between different lung areas that are 
too great to be explained on the simple basis of direct air-flow. The 
shortest direct route to the lung parenchyma is to the central area of the 
caudal lobe; the next shortest route is to the mid-dorsoventral and 
diaphragmatic portion; and the longest direct route is to the caudodorsal 
tip. The greatest number of tuberculous lesions occur toward the 
distal end of the longest direct route and the smallest number in the area 
of the shortest direct route. The size and angulation of the smaller 
distributing bronchi in all three areas appear to be similar. Under these 
circumstances it would seem that factors other than the directness of 
air distribution must be given consideration. 

Since in both man and bovine, pulmonary tuberculosis is probably a 
naturally acquired air-borne infection and since in both species a chroni- 
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cally progressive and cavitating type of disease is a common occurrence, a 
comparison of the type of lesion and its most frequent localization would 
not be amiss. Unfortunately medical literature does not contain data 
on human pulmonary tuberculosis which are similar and comparable to 
the data presented here on the bovine disease. The only type of lesion 
that can be compared is the cavitating type. The most comprehensive 
analysis of the location of pulmonary cavities dates to the Gulstonian 
Lectures by Ewart (3) in 1882. This contribution was in the same year 
that the discovery of the tubercle bacillus was announced and one cannot 
be certain that all of the cavities noted were or were not tuberculous. 
At least, from a purely anatomical consideration, one may be certain 
that this study firmly established that cavitation of the pulmonary 
parenchyma occurs most frequently in certain locations. 

Ewart (3) analyzed the location of cavity in 304 lungs from 152 
consecutive necropsies on phthisical cases. These all had far advanced 
disease and it is not possible to determine that all of the cavities noted 
were primary. He gives the following distribution for cavities: upper 
part of upper lobe, 298; upper part of lower lobe, 227; ventral surface of 
lung, 249 of which 105 were listed as due to extension of the disease from 
cavities higher up; and base of lower lobe 32, of which at least one-third 
were thought to be due to extension from lesions in the apex of the lower 
lobe. Allowing that ali of the cavities judged to be primary were 
primary, we find that three-fourths of the 683 cavities were present in the 
upper portions of the pulmonary lobes and that in these locations cavita- 
tion was 24 times more frequent than in the base of the lower lobes. 

More recently Sweany (4) has reémphasized the findings of Ewart when 
he attempted to locate tuberculous cavities from stereoroentgenograms 
of the chest. His study showed a preponderance of cavities in the 
upper dorsal portion of the lobes of the lungs. 

From this brief survey of tuberculous cavities in human lungs it is 
evident that the dorsocephalic portion of the lobes of the lungs is the 
chief site of location. In cattle such cavities are dorsocaudal—the 
reverse of man when considered cephalocaudal and the same when con- 
sidered dorsoventral. In both instances cavitation occurs in the more 
elevated portions of the parenchyma. In man as in cattle the most 
direct air-flow is to the caudal or diaphragmatic portion of the paren- 
chyma. In man as in cattle the bronchus to the right cephalic lobe 
arises at an acute angle from near the bifurcation of the trachea and 
passes ventrally. From this it is quite apparent that the directness of 
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air-flow per se can neither account for a greater number nor for the 
type of lesions in any part of the lung field. When, however, considera- 
tion is given to the difference in normal posture between man and cattle, 
a plausible explanation for the difference in location of tuberculous cavi- 
ties, and perhaps of the other types of tuberculous lesions, can be given. 
In cattle whether standing or lying down the most elevated portion of 
the lung is dorsocaudal. In adult human beings the most elevated part 
of the pulmonary lobes is the dorsocephalic portion for at least two- 
thirds of the time. The only time this does not pertain is when a person 
is supine. In children the upright posture is maintained for shorter 
intervals and for much less total elapsed time than in adults. May it 
not be that the peculiarity and difference of location of cavitation in 
human and bovine pulmonary tuberculosis are greatly influenced by 
posture? May not this help to account for the difference between chil- 
dren and adults? May not posture bring about a difference in physio- 
logical activity of different portions of the lung parenchyma? And may 
not this be the reason why the more elevated parts of the lung tissue are 
more vulnerable to tuberculous infection? 

A general appreciation of the apical or subapical location of tuber- 
culous cavities in man has been had for a long time but this relationship 
to lobes of the lungs has been given little heed. No comparative study 
of such lesions between man and bovine has been found in the literature. 
The study here presented should help to emphasize the topographical 
relationships of cavity to the lung lobes. 

It is of interest that Ewart (3) discussed the cause of cavity under two 
headings, postural and functional. He quotes Lebert (5) and Rind- 
fleisch (6) as favoring the postural theory. Lebert (5) investigated 
naturally acquired pulmonary tuberculosis in monkeys and did not find 
a condition similar to that in man. Because of the close analogy of 
structure between man and monkey he considered the difference of espe- 
cial significance. Ewart (3) favored the functional rather than the 
postural theory. He attributes the apical cavitation to a less efficient 
aeration which induces less aeration of the blood and insufficient clearing 
of the bronchi. As to cavities at the base of the lung he says, ‘“The 
arguments I have ventured to put forward in discussing the etiology of 
cavities at the apex derive welcome support for the rarity of vomica at the 
base* where respiratory conditions are widely different. Primary phthis- 


4 The italics are the avthor’s. 
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ical excavation at the base is almost unknown in man. The diaphragm 
is the most automatic of our respiratory muscles and as such unceasingly 
active.” Since in cattle tuberculous cavitation is especially frequent in 
the dorsal diaphragmatic portion of the lung one can hardly apply the 
explanation of Ewart (3) to the situation unless it be granted that the 
ventral portion of the diaphragm acts more efficiently than its dorsal 
portion. 

The prominence given to endobronchial lesions in man in recent litera- 
ture on pulmonary tuberculosis renders significant the very frequent 
occurrence of this condition in advanced pulmonary tuberculosis in 
cattle. The author does not agree with Nicolaus (7) that tubercles in 
the bronchial mucosa are of haematogenous origin. Failure to find 
bronchial tubercles in cases without cavitating lesions, the infrequency 
of such lesions except in the direct line of drainage from a cavitating 
lesion and the great variation in numbers of mucosal tubercles in the 
path of drainage all point to an implantation of the infection from the 
more or less constant passage of tuberculous pus. The incidence of 
generalized tuberculosis, which, after all, is the only true indication of 
haematogenous spread of the disease, and of bronchial tubercles was not 
at all similar. It is true in our series that tuberculosis of the abdominal 
viscera was a common occurrence in the far advanced cases. It is also 
true that such a condition was absent from the cases without cavitation. 
From this it is apparent that the intestinal tuberculosis was secondary to 
the ingestion of tuberculous pus from a cavitating pulmonary lesion. 
Under such circumstances it seems likely that direct implantation rather 
than lung-to-intestine-to-lymphatics-to-blood-to-bronchial mucosa ac- 
counts for the mucosal lesions. It is probable that tuberculous ulcers 
in the bronchial tree in man arise in the same way as they do in cattle. 
If this be true then endobronchial tuberculosis can hardly be eradicated 
without first eliminating the drainage from a cavitating lesion. Thus 
cavitating parenchymal lesions precede and demand first consideration 
while endobronchial tuberculosis follows and should be considered only 
of secondary importance. 

In the discussion above a comparison of the location of progressive 
tuberculous lesions in the lung in man and bovine has been considered 
in so far as comparative data are at hand. The cause of the difference 
between the two species has been discussed on the basis of directness of 
air current, of functional differences in different areas, induced per- 
chance by the mechanics of respiration, and the réle that posture may 
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play. It would seem that posture more than the mechanics of respira- 
tion or directness of air-flow exerts an effect which renders certain areas 
of the lung parenchyma more susceptible to tuberculous infection. 
What factors enhance or retard tuberculous infection in any given area 
remain unknown. One fact stands out clearly. It is the elevated por- 
tions of the lung parenchyma in both man and bovine that are most 
vulnerable to progressive tuberculous infection. The more dependent 
areas are much the more resistant although they are not capable of 
resisting massive infections spread through the bronchi from above. 
It is apparent therefore that the topographical relation of tuberculous 
lesions to lobes of lungs is of paramount significance. Consideration 
of this condition may perhaps render clinical treatment more effective 
in the future. The remarks of Ewart (3) at the close of his series of 
lectures are sound to-day: “Of treatment and cure, which are the aims 
of all our labors, I have refrained from speaking, remembering that, 
before we attempt to guide the forces of Nature, we should clearly under- 
stand the ways in which they are put forth. But I venture to express 
a confident hope that the treatment of pulmonary cavities may look 
forward to a better future if it seeks its foundation in a sound pathology.” 


SUMMARY 


A statistical analysis as to type and location of 2,005 lesions from 
520 pairs of tuberculous bovine lungs has been made. From this analy- 
sis it seems probable that the infection is air-borne. The greater fre- 
quency, per unit volume, of tuberculous foci in certain specified areas of 
the lung parenchyma in comparison with other areas cannot be satis- 
factorily explained on a basis of the mechanics of respiration. A compar- 
ison of the predominant location of cavitating lesions in cattle and in 
man suggests that the difference between the two species cannot be 
explained on a basis of air-borne distribution or on a basis of the mechan- 
ics of respiration. The dominance of progressive tuberculosis in the 
more elevated portions of the parenchyma of lobes of lung tissue in both 
species can best be explained on the hypothesis that posture influences 
the condition within the lung parenchyma. What alterations may be 
induced by posture remain to be determined. From this study it is also 
evident that calcification is not a common occurrence in bovine pul- 
monary tuberculosis in the less advanced stages of the disease. 
Endobronchial tuberculosis in cattle is a corollary to cavitation 
of a parenchymatous focus. This should be borne in mind when endo- 
bronchiai tuberculosis in man is observed. 
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TREATMENT OF PULMONARY TUBERCULOSIS IN 
ADOLESCENTS! ? 


HENRY D. CHADWICK anp HELEN W. EVARTS 


The mortality from tuberculosis recorded in the second decade of 
life in Massachusetts is about 19 per 100,000, but the actual fatality 
rate for tuberculosis which has its origin in this period is not known 
and cannot be determined from any studies that have been made. 
When we follow these patients for some years after the diagnosis is 
made, we find that the mortality is cumulative. iw 

Zacks (1) found in his study of pulmonary cases discovered in the 
school clinics that on an average three years elapsed after the“ roent- 
genogram had revealed the disease before symptoms appeared. Then 
we may add two or three years as an average period of illness for those 
that died. At the time this study was reported many others of the 
group had progressive or stationary disease who could be expected to 
appear in the mortality column in succeeding years and account in 
part for a death rate three and one-half times as large, or approximately 
70 per 100,000, that begins in the third decade and continues with little 
variation throughout the remaining span of life. This leads us to specu- 
late on the case fatality rate of pulmonary tuberculosis and to realize 
that it cannot be determined unless we follow a large number of cases 
from the time diagnoses are made until the death of all the individuals 
concerned. It is unlike the acute communicable diseases where the 
fatality rate of reported cases can be easily ascertained as the illness runs 
a comparatively brief course. Tuberculosis on the other hand is a dis- 
ease of long duration and may have many phases. It may be acute, 
more often chronic, with periods of quiescence followed by exacerbations 
and so continue for many years. 

Thus tuberculosis becomes a lifetime threat with the possibility that 
an accident or some other disease may claim precedence and so deprive 


1 Presented at the Medical Clinic held at the Middlesex County Sanatorium at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 


28, 1939. 
2 From the Middlesex County Sanatorium, Waltham, Massachusetts. 
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the tubercle bacillus of its prey. It is, therefore, impossible in many 
instances to say whether a person with a focus of tuberculosis will die 
from it or from some other cause. Actual fatality rates can be given 
only for the specific period of years during which the cases are under 
observation. If 1,000 tuberculous individuals were followed until the 
last person had died we would then know the exact fatality rate for the 
group under consideration. We would find that the total deaths from 


TABLE 1 


Analysis of 245 adolescents with pulmonary tuberculosis (age 9 to 19; average age, girls, 15, boys, 
16) seen at the Middlesex County Sanatorium and observed or treated at various 
sanatoria including the Middlesex County Sanatorium 


Classification of 245 cases when diagnosis was made 


MODERATELY 


ADVANCED FAR ADVANCED 


Per cent| Number|Per cent} Number|Per cent 


Group A, first seen March, 1929 to 
April, 1934 


54 
34 
40 


Group C, first seen April, 1936 to 
January, 1939 

59 3 | 13.5 6 | 27.5] 22 

36 52 10 | 14.5 | 23 | 33.5 | 69 

49 53 13 | 14 29 | 33 91 


Note: 49 per cent had positive sputum, positive gastric washings or positive pleural 
fluid. 


tuberculosis would increase as the years passed. For this reason it is 
an impossible task to obtain an accurate measure of the effect of treat- 
ment on mortality. It can only be done when we have a specific that 
kills the tubercle bacillus within the body. We may, however, measure 
the effect of treatment on the course of the disease by checking against 
each other groups of similar age who have been treated by different 
methods for the same length of time. The group upon which we are 


MINIMAL 
TOTAL 
7 | 29 24 
18 | 28 24 | 38 64 
22 | 25 31 | 35 88 
Group B, first seen April, 1934 to 
April, 1936 
52 4 | 18 | 7 | 30 23 
60 9 | 13.5] 18 | 26.5| 66 
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reporting had parenchymatous pulmonary tuberculosis at the time 
they came under observation at the Middlesex County Sanatorium 
either as admitted patients, in the Out-Patient Department or the 
School Clinic. Most of them received treatment in some sanatorium. 
Twenty-five institutions and clinics as well as several private physicians 
have contributed to this analysis by permitting us to see the records 
and roentgenograms. In every case, reports of progress have been 
obtained from official sources if we were not in a position to see the 
patient. 

The 245 cases (table 1) are divided into three groups according to the 
time they have been under observation. 


Group A: 88 cases were first seen between March, 1929 and April, 1934 and 
all but 9 have been observed five to ten years. 

Group B: 66 cases were first seen between April, 1934 and April, 1936 and all 
but 8 have been observed three to five years. 

Group C: 91 cases have been observed less than three years. 


This latter group is included to show the classification of cases when 
diagnoses were made and type of treatment given as compared with 
groups A and B, but will not be considered in the results of treatment. 
The percentage of minimal cases was 40 per cent in group A, 60 per cent 


in group B, 53 per cent in group C. The rather high percentage of mini- 
mal cases is due to the routine practice in the county of examining high 
school students and contacts of diagnosed cases; 118 cases had positive 
sputum, 30 boys, 88 girls. Three had acid-fast bacilli in the gastric 
contents and one had tubercle bacilli in the pleural fluid. Altogether 
122, or approximately one-half of the group, showed laboratory evidence 
of tuberculosis. 

In the three groups (table 2) it will be seen that about 70 per cent of 
the patients treated in sanatoria received collapse therapy of some form. 
Pneumothorax was done in 50 per cent of group A, 44 per cent of group 
B, 50 per cent of group C. Thoracoplasty was done in approximately 
10 per cent of group A and group B. In group C, 4 out of 91 cases 
have had thoracoplasty in a period of observation of a few months to 
three years. It is possible that some of this group, most of whom are 
still under treatment, will come to thoracoplasty and the figure of 10 
per cent will eventually be reached. 

As noted in table 2, pneumonolysis and phrenic paralysis were done 
as supplementary operations in some cases. 
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Pneumonolysis has been done in a larger percentage of cases in group 
C which shows that this operation is resorted to more frequently and 
with less delay than in the earlier groups. On the other hand, phrenic 


TABLE 2 
Treatment given 245 cases, all stages, at different periods 


PNEUMOTHORAX 
(6 mos. +) 


TREATMENT 
UNSATISFACTORY 
PNEUMOTHORAX 
COLLAPSE THERAPY 


TREATMENT 
ROUTINE SANATORIUM 


NO INSTITUTIONAL 
THORACOPLASTY AFTER 
-- UNSUCCESSFUL OR 
TOTAL RECEIVING 
SANATORIUM PATIENTS 

RECEIVING COLLAPSE 


PHRENIC ALONE 


Group A (88 cases), first seen 
March, 1929 to April, 1934... 44 (50%) 72 
Group B (66 cases), first seen 
April, 1934 to April, 1936 13 15 29 (44%) 4 5 38 71 
Group C (91 cases), first seen 
April, 1936 to January, 1939...| 15 | 22 | 46 (50%) | 4 | 4 | 54 | 69 


Note: Among the pneumothorax patients, internal pneumonolysis was done in 14 cases 
in group A, in 8 cases in group B, and in 22 cases in group C. Phrenic paralysis was added 
to pneumothorax in 12 cases in group A, 4 cases in group B, and 2 cases in group C. Contra- 
lateral paraffin pack was done in one pneumothorax case in group A. 


TABLE 3 


Immediate treatment (in first 3 months) given minimal cases admitted to sanatoria at different 
periods 


ADMITTED TO MIDDLESEX COUNTY | ADMITTED TO VARIOUS SANATORIA 
SANATORIUM INCLUDING MIDDLESEX 


March, April, April, March, April, April, 
1934 to 1936 to 1929 to 1934 to 1936 to 
April, January, April, April, January, 
1936 1939 1934 1936 1939 


Routine sanatorium treatment... . 3 18 17 
Phrenic alone 0 1 1 


Pneumothorax (6 months or 
2 


5 22 26 


40 13 30 


paralysis as the initial procedure is less frequently used as the operation 


of choice. 
The type of immediate treatment considered best for minimal cases at 


different periods during the past ten years is shown in table 3. It brings 


23 
0 | 59 
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out clearly the trend away from routine bed-rest treatment for a pre- 
liminary try out period to be later supplemented by pneumothorax if the 
disease is not controlled. The present practice is to institute pneumo- 
thorax promptly and thereby aid in reinforcing and stabilizing the bene- 
fits obtained by bed-rest from the very beginning of treatment. 

The minimal cases admitted to Middlesex County Sanatorium prior to 
1934 received no immediate treatment with pneumothorax; 40 per cent 
of the second group, admitted 1934 to 1936, were given pneumothorax 
promptly. The third group benefited by this experience and 87 per 
cent were given pneumothorax soon after admission. 

Of the whole number considered and treated first in various sanatoria, 
13 per cent in the first period, 30 per cent in the second period and 59 


TABLE 4 
Results of different immediate treaiments in 26 minimal cases in group A followed 5-10 years 


OBSERVATION SANATORIUM 
AT HOME TREATMENT PNEUMOTHORAX PHRENIC 


Apparently arrested without sup- 

plementary treatment 1 1 
Needing further treatment 2 0 
1 0 


4 3 1 


Note: The time elapsing before a case was found to require further treatment varied from 
three months to several years. The degree of progression varied from slight to extreme. 
Many of these cases later became arrested. 


per cent in the third or most recent period were immediately given 
pneumothorax. 

What should be the immediate treatment of the minimal case in this 
age group, observation at home, routine sanatorium treatment or 
pneumothorax without delay? Table 4 shows comparative results in a 
small number of cases followed over five years. One out of 4 treated at 
home, 7 out of 18 given sanatorium treatment alone and 2 out of 3 
given immediate pneumothorax and the one phrenic paralysis alone 
remain apparently arrested. 

In other words, in 11, or 61 per cent of the 18 cases given sanatorium 
treatment alone, this form of treatment proved ineffective in checking 
the disease. Need for further treatment became apparent after three 
months in a few cases, in other cases only after the lapse of several 
years. In some cases, delay in instituting collapse treatment resulted 
in grave illness, and in all 11 cases valuable time was wasted. At 
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the time those cases were treated, immediate pneumothorax treatment 
was seldom given to minimal cases. No conclusions can be drawn 
from the 3 cases so treated. 

These 60 moderately advanced and far advanced cases (table 5) were 
followed five to ten years and the results of different treatments were 
as follows: 4 out of 11 given routine sanatorium treatment, 18 out of 37 
given pneumothorax with or without phrenic paralysis, 2 out of 4 hav- 
ing phrenic alone and 4 of 8 thoracoplasties became apparently arrested. 
Here again the numbers are too small to justify tabulating on a per- 
centage basis. It may be noted, however, that one-half of the collapse 
cases by whatever method became apparently arrested. 


TABLE 5 
Results of different treatments in 60 moderately and far advanced cases in group A followed 
5-10 years 


PNEUMOTHORAX 
ROUTINE (6 MONTHS OR 
SANATORIUM MORE) WITH 
TREATMENT OR WITHOUT 
PHRENIC 


Apparently arrested 4 18 
Unstable or active 0 13 
7 6 


11 37 4 8 


Note: Seven of these cases were minimal on first observation and progressed to moder- 
ately or far advanced before collapse treatment was begun. 


The results of treatment of the entire number in group A have been 
classified together and also separately according to sex. (See tables 6, 
7,8 and 9.) The ratio of girls to boys was about 3 to 1. The percent- 
age of apparently arrested in the boys was 61.9, in girls 53.5. There 
was more difference in mortality, the boys 4.8 per cent, the girls27.5 per 
cent. 

The combined tables show that 53.6 per cent became apparently ar- 
rested, 22.7 per cent unstable or active, 21.7 per cent dead; 6 of the 17 
deaths occurred within one year of admission to a sanatorium. 

The group B cases, tabulated in the same way as those of group A, 
have been followed for a shorter time, three to five years (table 10). 

It is to be noted that but 8 out of 17 given routine bed-rest treatment 
became apparently arrested without needing supplementary treatment, 
while 7 out of 8 immediately treated with pneumothorax became appar- 
ently arrested and have remained so. 


ALONE 
2 4 
0 y 
2 a 


Classification of results in group A (79 cases) seen March, 1929 to April, 1934 followed 5-10 years 
. TABLE 6 
21 Boys 
Stage at First Observation 


MINIMAL 


MODER- 
ATELY 
ADVANCED 


ALL STAGES 


Apparently arrested 
Unstable or active 


10 


3 
1 
0 
4 


TABLE 7 
58 Girls 
Stage at First Observation 


MINIMAL 


MODER- 
ATELY 
ADVANCED 


ALL STAGES 


Apparently arrested 
Unstable or active 


11 
4 
1 


9 
5 
4 


31 
11 
16 


16 


18 


58 


TABLE 8 
Both sexes (79) 
Stage at First Observation 


MODER- 
MINIMAL ATELY 
ADVANCED 


PER CENT 


ALL STAGES OF TOTAL 


Apparently arrested 17 12 44 55.6 
Unstable or active 8 6 18 ve 
1 4 17 21.7 


26 22 79 100.0 


Note: Nine additional cases were diagnosed in the same period, but were followed less 
than five years, and are therefore not included in these tables. 


TABLE 9 
Deaths 
Stage at First Observation 


MODERATELY FAR 


ADVANCED ADVANCED 


Died in 1 year of sanatorium admission 0 6 
Died 1-3 years after sanatorium admission 0 4 
Died over 3 years after sanatorium admission... . 4 2 


Note: The minimal case became far advanced before sanatorium admission. Two of the 
moderately advanced cases left the sanatorium against advice, progressed, and were re- 
admitted. 
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Here again, in more than half the cases given routine bed-rest treat- 
ment, valuable time was lost before the necessary collapse treatment was 
instituted, while only one out of the 8 cases given immediate pneumo- 
thorax has failed to do well after three years. Of course, most of these 
cases are still receiving pneumothorax refills, so that end results are not 
known, but they are well and are at home, having required a compara- 
tively short stay in an institution. 


TABLE 10 
Results of different immediate treatments in 34 minimal cases in group B followed 3-5 years 


OBSERVATION SANATORIUM 


AT HOME TREATMENT PNEUMOTHORAX PHRENIC 


Apparently arrested without sup- 
plementary treatment 
Progressive needing further treat- 


Note: See note under table 4. 


TABLE 11 


Results of different treatments in 30 moderately advanced and far advanced cases in group B 
followed 3-5 years 


PNEUMOTHORAX 
ROUTINE (6 MONTHS OR 
SANATORIUM MORE) WITH 
TREATMENT OR WITHOUT 
PHRENIC 


PHRENIC 


ALONE THORACOPLASTY 


Apparently arrested 2 9 1 3 
Unstable or active 1 6 0 1 
3 1 2 1 


6 16 3 5 


Note: Six of these cases were minimal on first observation and progressed to moder- 
ately advanced or far advanced before collapse was begun. 


The tabulation of results in the moderately advanced .and far ad- 
vanced cases according to treatments given (table 11) shows that 2 
out of 6 given routine sanatorium treatment, 9 out of 16 given pneumo- 
thorax with or without phrenic, one phrenic alone out of 3, and 3 thora- 
coplasties out of 5 are apparently arrested. 

The ratio of girls to boys in group B is less than 2 to 1 and the per- 
centage of minimal cases is slightly higher in the girls. In results of 
treatment (tables 12, 13, 14 and 15) the girls have the advantage as the 


4 8 0 0 
8 17 8 1 


Classification of results in group B (58 cases) seen A pril, 1934 to April, 1936 followed 3-5 years 


TABLE 12 
21 Boys 
Stage at First Observation 


MODER- 
ATELY 
ADVANCED 


ALL 
STAGES 


Apparently arrested 3 
Unstable or active 0 
1 


12 + 


TABLE 13 
37 Girls 
Stage at First Observation 


MODER- 
ATELY 
ADVANCED 


ALL 
STAGES 


Apparently arrested 25 
Unstable or active 7 
5 


37 


TABLE 14 
Both sexes (58) 
Stage at First Observation 


MODER- 
ATELY 
ADVANCED 


FAR ALL PER CENT 
ADVANCED STAGES OF TOTAL 


Apparently arrested 6 5 39 67.3 
Unstable or active 1 6 12 20.7 
1 5 7 12.0 


8 16 58 100.0 


Note: Eight additional cases were diagnosed in the same period but were followed less 
than three years, and are therefore not included in these tables. 


TABLE 15 
Deaths 
Stage at First Observation 


MODERATELY 


ADVANCED 


Died in 1 year of sanatorium admission 0 0 
Died 1-3 years after sanatorium admission 0 1 
Died over 3 years after sanatorium admission... . 1 0 


Note: The minimal case died of brain tumor after arrest by thoracoplasty. The moder- 
ately advanced case left the sanatorium against advice and returned as a terminal case. 
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percentage of apparently arrested is higher and the percentage classed 
as unstable or active is lower. The percentage of deaths, however, was 
very little higher in the girls. 

A comparison of the two groups: 


Group B 
35 yrs. 
64% 
60% 
Apparently arrested ‘ 67.3% 
Unstable 20.7% 
12.0% 


If one attempts to draw conclusions from comparing these two groups, 
we must take into consideration three factors that favorably influence 
group B, namely, shorter period of observation, lower percentage of girls, 
and higher percentage of minimal cases. 


TABLE 16 


160 adolescents in whom pneumothorax was attempted, listed according to stage of disease and 
incidence of complications 


MODERATELY 
ADVANCED 


ALL STAGES 


Unsuccessful or less than 6 months.. 

Fluid above dome of diaphragm 
(serous or not aspirated) 

Tuberculous empyema 


10 


2 
1 


35 


11 
9 
6 


Spontaneous pneumothorax 0 


Pneumothorax is a simple procedure, but nevertheless involves some 
hazards. To evaluate this risk in a group of adolescents, table 16 
was prepared. This shows the number of unsuccessful cases to be 35; 
2 of these were minimal, 10 moderately advanced and 23 far advanced. 
Fluid was not a troublesome complication and occurred in sufficient 
amounts to show above the diaphragm in 11 cases. In some of these 
cases the fluid was aspirated and found to be serous, in-others it was 
absorbed without aspiration. Tuberculous empyema occurred in 9. 
One of these cases was moderately advanced and 8 far advanced. Spon- 
taneous pneumothorax developed in 6 cases, all of them far advanced. 
No serious complications occurred in any of the minimal cases. 

Of the entire group, 23 had bilateral pneumothorax on both sides 
concurrently and 5 received it on both sides consecutively. Five of these 
cases are now classed as apparently arrested. | 
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REEXPANDED PNEUMOTHORAX 


Forty-three of the 125 cases who received pneumothorax six months 
or more have had their lungs reéxpanded. Some of these are now tak- 
ing pneumothorax on the opposite side. 

Twelve cases collapsed for three or more years have been reéxpanded 
six months to four and one-half years. No reactivation has occurred in 
the reéxpanded lung in 10 cases. In 3 pneumothorax has been started 
on the opposite side. Two cases of bilateral pneumothorax had reacti- 
vation, one of which later had a successful thoracoplasty. 

The results in 30 cases collapsed for less than three years and reéx- 
panded one month to five years have not been so satisfactory. In this 
series no reactivation has occurred in the reéxpanded lungs in 7. Reac- 
tivation occurred in the reéxpanded lung in 11 that are still living. Suc- 
cessful thoracoplasty was done in 4 of these reactivated cases and 8 have 
died of tuberculosis. 


SUMMARY 


The mortality from tuberculosis in adolescents is known to be high 
and treatment of cases has been very discouraging. Morgan (2) re- 
ported in 1938 a check-up of 320 cases of boys and girls ten to eighteen 
years of age who had been patients in the Westfield State Sanatorium 
in the years 1920 to 1933. Of the total group, 62 per cent were dead, 14 
per cent under treatment, 17 per cent well, 7 per cent not located. 
The treatment given prior to 1933 was prolonged bed-rest supplemented 
by pneumothorax in a few cases. When pneumothorax was used, it 
was given only after a period of waiting to see whether the lesion would 
improve under rest treatment. Zacks (3) recently reported a study of 
55 boys, 131 girls, total 186 cases, treated in sanatoria and observed for a 
period of about four years. One group had routine sanatorium treat- 
ment only and another group had sanatorium treatment plus pneumo- 
thorax. The former group showed a mortality of 30.9 per cent for boys 
and 34.4 per cent for the girls. In the group that had sanatorium treat- 
ment plus pneumothorax, the mortality was 8.5 per cent for the boys 
and 23.1 per cent for the girls. 

In the Middlesex County Sanatorium group observed for five to ten 
years, the deaths were 4.8 per cent for the boys, 27.5 per cent for the 
girls, or 21.7 per cent for the whole group. Fifty per cent of these cases 
were given pneumothorax. 

Our conclusions are that pneumothorax should be instituted as soon 
as possible after diagnosis is made even in the minimal cases. That this 
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should be supplemented by pneumonolysis if satisfactory collapse is 
prevented by adhesions that can be cut. A pneumothorax that is inef- 
fective because of adhesions or one that does not close a cavity should 
not be continued very long. In such cases the pneumothorax should be 
abandoned and some other surgical collapse procedure carried out. 
When a satisfactory collapse with pneumothorax is obtained, it should be 
continued for a minimum period of three years and for five years in the 
cavity cases. 

Patients discharged from the sanatoria should be considered as having 
completed only the first phase of treatment and should return at frequent 
intervals for consultation during subsequent years. If they are pneumo- 
thorax cases, they will have their refills and in any event their condition 
will be rechecked. A roentgenogram taken every three months will be 
the most important means of following the course of the disease. If the 
old lesion shows reactivation, or a new one appears, prompt readmission 
and suitable treatment should be instituted at once. 

The evidence available in this and other studies indicates the ineffec- 
tiveness of bed-rest treatment alone in staying the progress of tubercu- 
losis in adolescents. 

Better results may be expected in the future as we are receiving for 
treatment more adolescents with minimal lesions due to the increased 
practice of examining contacts and high school students. When diag- 
nosis is made, the patients are now given more aggressive treatment 
from the start and when discharged from the sanatorium with their 
disease apparently arrested they are paroled and kept under observa- 
tion. They may be considered as having won only the first engage- 
ment with the tubercle bacillus in a contest that may last for years. 
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EXTRAPLEURAL PNEUMOTHORAX}? 
Twenty-one Patients Treated from November, 1937 to March, 1938 
HARLAN F. NEWTON, FRANK DAWSON anp J. E. DUNPHY 


A number of reports on extrapleural pneumothorax have appeared in 
the literature in the past year. Most of these have been preliminary 
observations because of the shortness of time of such treatment. We, 
therefore, believe that an analysis of our experience with 21 patients 
in whom extrapleural pneumothorax was instituted, November, 1937 
to March, 1938, may aid in evaluating this newest addition to the arma- 
mentarium of the surgeon in the treatment of pulmonary tuberculosis. 

In cases in which artificial pneumothorax fails and thoracoplasty is 
definitely contraindicated, the value of being able to allow concentric 
retraction of diseased and excavated areas in the lung by other means is 
obvious. It is possible to strip the parietal pleura when adherent to 
the visceral pleura and lung from the inner surface of the chest wall and 
so allow collapse of the underlying lung. This large raw extrapleural 
space thus created tends not to be preserved through reéxpansion of 
the lung for a long enough period to allow healing of the relaxed lung (1). 
Refilling this extrapleural space with air as in intrapleural pneumothorax 
treatment is apparently a simple answer, but technical difficulties in the 
past often led to failure. Tuffier (2) first performed the operation in 
1891, reporting in 1910 three cases in which extrapleural pneumothorax 
had been maintained a short time by air refills. Since Tuffier, reports 
of cases or small numbers of cases on whom the operation of extrapleural 
apicolysis was performed with and without air refills have appeared 
sporadically in the literature (1, 3, 4, 5) up to 1935. The work of these 
authors and even later reported attempts of extrapleural apical release 
(6, 7, 8, 9, 10) have not given encouraging results. Often the extra- 
pleural space was allowed to fill with serum or no refills were given, and 


1 Presented at the Medical Clinic held at the Peter Bent Brigham Hospital at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 28, 
1939. 

2From the Surgical Clinics, Middlesex County Sanatorium, Waltham, Massachusetts, 
and the Peter Bent Brigham Hospital, Boston, Massachusetts. 
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the lung quickly reéxpanded before any healing of the diseased lung had 
occurred. Where others had failed it was Graf (11) in 1936 who was 
first successful in obtaining permanent extrapleural pneumothorax. 
Without doubt his success was due to his insistence upon extensive 
pleurolysis and more detailed attention to the control of air refills. 
The operation of extrapleural apicolysis is not at all new. Many sub- 
stances such as omentum, fat, pectoral muscles, rubber dam, gauze, 
rubber bags and paraffin mixtures have been used by many surgeons 
to maintain the extrapleural space and prevent lung reéxpansion. The 
use of all of these substances with the exception of that of paraffin has 
not been encouraging. Even with the wide-spread use of paraffin cer- 
tain definite disadvantages have become universally apparent. Pleural 
separation had to be limited largely to the apex; the plombe if too large 
had a tendency to slide downward in the thorax as well as to cause 
frequently ulceration and perforation of the paraffin wax into the lung 
or through the chest wall; it created marked thickening and reaction of 
the extrapleural tissues and pleura; and the incidence of closure, par- 
ticularly of large cavities, was low. Graf’s (11) and Schmidt’s (12) 
success in creating operatively a large extrapleural space and maintain- 
ing it by repeated air refills seemed therefore to be the answer to the 
disadvantages of refills with solid substances as well as offering a safer, 
more effective method of treating the phthisic patient in whom intra- 
pleural pneumothorax was unsatisfactory or impossible and thoraco- 
plasty contraindicated. During the past year successful operative 
experience of many authors (13 to 22) with extrapleural pneumothorax 
has lent encouragement to its use. 

In the latter part of 1937, acting upon the experience and indications 
for operation of Roberts (17) and Belsey (18), this series of 21 patients 
was started. At the start of our work and now, we have selected for 


Fic. 1. Pulmonary tuberculosis for four years. Right upper lobe replaced with huge 
thick-walled cavity. Mediastinum and trachea (black lines) displaced to the right. Active 
disease total left. LExtrapleural pneumothorax attempted and failed because of sym- 
physis of pleurae and thoracic wall. 

Fic. 2A. Far advanced bilateral pulmonary tuberculosis with mammoth cavity left upper 
lobe. Acute and chronic disease upper two-thirds right lung. Clinically very ill, sputum 
positive. 

Fic. 2B. Three days after extrapleural pneumothorax left, showing typical early appear- 
ance of chest and fluid. 

Fic. 2C. One month postoperatively. Fluid in extrapleural space almost absent. 

Fic. 2D. Condition one and one-half years after extrapleural pneumothorax. Weekly 
refills. Right lung markedly improved. Sputum negative. Clinically well. 
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extrapleural pneumothorax only those patients for whom no other form 
of collapse therapy offered hope of a successful result. We, too, hoped 
and do now believe that with wise selection of patients it will prove of 
inestimable value to patients for whom no other means of creating local 
lung rest is possible. 


INDICATIONS 


On the basis of our experience with this series the following indications 
for operation may be emphasized: 

1. Preéminently the patient with mixed infection type of disease will 
offer the greatest chance of success with extrapleural pneumothorax. 
Cases of extensive involvement of the lungs with acute advancing dis- 
ease will be in most instances technically operable, but serious postopera- 
tive complications will be more frequent (discussed later). Extra- 
pleural pneumothorax in the patient with old chronic cavernous 
tuberculosis has been found by us impossible to produce due to firm 
symphysis of pleurae and thoracic wall with obliteration of the endo- 
thoracic fascia. Such cases are easily recognized. When by X-ray 
apical cavities show thick fibrous walls with retraction of the superior 
mediastinum and trachea, as well as marked narrowing of rib inter- 
spaces, it is likely that the extrapleural space is obliterated (figure 1). 

2. If collapse therapy is imperative and intrapleural pneumothorax 
has been attempted previously without success, extrapleural pneumo- 
thorax should be considered, providing thoracoplasty is contraindicated. 

3. If intrapleural pneumothorax is ineffective due to inoperable in- 
trapleural bands over diseased lung, proved by X-ray or thoracoscopy, 
it is far wiser to abandon the pneumothorax and replace it by extra- 
pleural pneumothorax. When lesions in the mid and lower lung field 
are well collapsed by pneumothorax but the apex is adherent to the 
chest wall, then the apex can be freed by extrapleural collapse and the 
bridge between the two divided, preferably at a later operative stage 
when the extrapleural pneumothorax has become stabilized. It is our 
belief that combined intrapleural and extrapleural pneumothorax will 
in the future become more widely used. 

4. Thoracoplasty should always be advised initially if the risk is not 
too serious. Extrapleural pneumothorax is not a ‘“‘replacement”’ opera- 
tion for thoracoplasty. In almost every case in which extrapleural 
pneumothorax is used it is only a “‘preparative’’ operation for thora- 
coplasty. If, because of asthma, low respiratory function, emphysema 


EXTRAPLEURAL PNEUMOTHORAX 323 


or organic cardiovascular disease, thoracoplasty, though indicated by 
‘he type of lesion, is unwise, extrapleural pneumothorax, because ac- 
ompanied by minimal shock and disturbance, may be effective in 
losing cavities and diminishing the sputum. Also with poor general 
isk patients, particularly those demonstrating bilateral far advanced 
lisease with definite acute disease in the middle and lower two-thirds 
if the contralateral lung as shown by X-ray or physical signs, extrapleu- 
al pneumothorax may be the only means of safely preparing them for 
ater thoracoplasty. Nearly 90 per cent of the cases in our series were 
f this latter type. 


OPERATIVE TECHNIQUE 


Preoperative: On waking in the morning and again one hour before 
operation the patient is given adequate postural drainage to evacuate 
secretions in the lungs. One-half hour preoperatively nembutal grains 
15 and atropine grains 1/200 are given by mouth. We have found 
this light but efficient medication and it tends to preserve the cough 
reflex as long as possible as well as allowing quick resumption of cough 
postoperatively. No subcutaneous medication is given. 

Operation: Eleven patients were operated upon under local anaes- 
thesia with 1 per cent novocaine and with paravertebral block of the 
upper intercostal nerves; the latter 10 patients of this series under light 
cyclopropane and additional local anaesthesia with 0.5 per cent novo- 
caine. We now employ only the latter in all cases. The chief reason 
for our preference of general anaesthesia was the observation that the 
extrapleural separation on the mediastinal side, and particularly in the 
region of the upper rib cartilages, was very frequently slightly painful 
even though no sensation was felt elsewhere. The absence of coughing, 
controlled quiet respiration, high oxygen concentration deliverable, 
ability by the anaesthetist by repeated tracheobronchial aspiration to 
keep the airways free of secretion, make cyclopropane anaesthesia close 
to the ideal. We have seen no anaesthesia complications. 

All patients have been operated upon in the lateral position, slight 
Trendelenburg, with the arm held forward. Paravertebral incision six 
to eight inches long centering over the angle of the fourth rib with the 
lower end curved slightly outward. Division of trapezius and rhom- 
boid muscles, retraction without damage of the erector spinae and 
serratus posticus superior muscles to expose the fourth rib. Sub- 
periosteally three inches of the fourth rib is resected from the vertebral 
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transverse process forward. In one case the sixth rib was elected as 
the approach but in this case the first three ribs lay very high and almost 
anterior (figure 2). In a long chested patient the third rib may be the 
more ideal approach but commonly we have found the fourth rib prefer- 
able (figure 3). In no instance have we divided or crushed the adjacent 
intercostal nerve as advocated by many Continental authors. After 
careful division of the posterior periosteum of the resected rib the endo- 
thoracic fascia, with its loose, easily broken, connective tissue lying 
between it and the parietal pleura, is quickly encountered. The ex- 
trapleural space is developed first by finger and then by carefully strip- 
ping the pleura, under direct vision and retraction of the lung, with 
forceps carrying gauze or cotton pledgets or with blunt instruments. 
The points of greatest adherence of the pleura to the cage are the pos- 
terior surfaces of the sternum and costal cartilages, particularly the 
second costal cartilage, and posteriorly in the costovertebral gutter. 
Usually the apex and mediastinal aspect is free of heavy adhesions. 
The surgeon will encounter in the extrapleural space many small blood 
vessels going from the intercostal vessels to the lung and these should be 
ligated with silk or silver clips. If broken, they often bleed freely and 
are annoying in slowing the operation by clouding the field even though 
they can usually be checked by gauze pressure. Great care must be 
taken to keep the dissection in the extrapleural space. Direct vision is 
indispensable. If at any time the extrapleural space cannot be defined 
due to extensive adhesions and obliteration, the operation should be 
interrupted. Absolute haemostasis is essential. The chest wall wound 
is closed, without irrigation or drainage of the extrapleural space, with 
continuous silk sutures to the periosteum and intercostal bundles; su- 
ture of the undamaged erector spinae and serratus posticus superior to 
the intercostal muscles will reinforce the inevitable posterior defect. 
Air-tight closure is essential. 

We, as many others, in the first cases tended to limit the amount of 
pleural strip to the diseased lung and hence did too little. It is of the 
greatest importance that the pleura be freed operatively, concentrically, 
and extensively if the diseased lung is to be placed at rest and healed. 
Only too readily does the lung tend to reéxpand and obliterate the space 
(1 to 5), and later increased air pressure refills rarely increase the extent 
of an inefficient extrapleural space by further dissection of the pleura. 
Always does the pleura in some weeks contract and level out between its 
mediastinal and parietal attachment (18). Hence these attachments 
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Fic. 3A. Multiple cavities upper half right lung. Acute scattered foci throughout left 
lung. No response to sanatorium treatment. Clinically ill. Sputum positive. 

Fic. 3B. Two days after extrapleural pneumothorax with extensive strip. Usual fourth- 
rib approach. Usual amount of fluid in extrapleural space. 

Fic. 3C. Twenty-six days postoperatively. Fluid almost gone. 

Fic. 3D. One and one-half years after extrapleural pneumothorax. No fluid. Excellent 
collapse right lung. Left lung almost clear. Negative sputum. Refills still maintained. 
Thoracoplasty advisable. 
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determine the final position of the lung. With upper lobe involvement 
only, the pleura must be stripped concentrically down to the hilum of 
the lung, to the eighth rib posteriorly and the third or fourth rib an- 
teriorly. If the entire lung is involved, the pleura can be stripped down 
to the diaphragm. 


POSTOPERATIVE CARE 


Before the patient leaves the operating table the trachea is aspirated 
of all secretions. The operated side is kept uppermost until the patient 
is conscious and this is almost immediately if cyclopropane is used. The 
head of the bed is elevated to an angle of 45 degrees as soon as possible 
to prevent the pleura from sticking laterally. This is possible because 
of the very minor degree, if any, of shock produced by the operation. 
Such position in bed is important for two to three weeks additionally, 
because of the inevitable serosanguineous exudate which forms in the 
extrapleural space. When the bloody fluid is spread out over the pleura 
and parietes, later organization may form adhesions across the extra- 
pleural space and tend to obliterate it. If the exudate is or becomes 
infected, the semierect position keeps it below the level of the operative 
opening in the chest wall at the fourth rib and may prevent wound in- 
fection and breakdown superficially. 

Postoperative pain is minimal or absent if cough is not persistent. 
Hence very rarely have we given narcotics such as morphine or panto- 
pon; codeine grains § with aspirin grains 10 when necessary have been 
sufficient to control cough, prevent emphysema and make the patient 
comfortable. 


REFILLS 


A standardized regimen of injecting air is of the greatest importance 
if the extrapleural space is to be maintained. In several of our early 
cases refills were not begun until the day after operation, at which 
time the lung had already partially expanded. In these cases the final 
collapse of the lung was not good. Therefore, we now give the first 
injection on the operating table; 200 cc. is usually sufficient to produce a 
pressure which oscillates through a mean of zero. Refills are repeated 
in six and fifteen hours, gradually increasing the pressure up to about 
plus 8 to plus 10 cm. of water. The rate at which manometric pressures 
fall between injections and the appearance of the lung by X-ray films 
and fluoroscopy determine the frequency of subsequent injections. A 
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Fic. 4A. Huge thin-walled cavity (arrows) left; honeycombed lesions right apex and 
acute disease right hilum and lower lobe. Sputum positive. 

Fic. 4B. Seven weeks after extrapleural pneumothorax. Note large amount of fluid in 
the space. Frequent aspirations from second week postoperatively showed the fluid to 
contain tubercle bacilli. 

Fic. 4C. Present condition. Right lung markedly improved. Left lung cavity has re- 
opened, extrapleural space lost when the tuberculous fluid drained through the operative 
wound spontaneously. Wound now healed. 
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high positive pressure must be obtained early and maintained if pos- 
sible. The day after operation a portable film is taken. During the 
first week daily fluoroscopy is performed, and, if at any time the fluoro- 
scopic picture is doubtful, a second film is taken. In general, during 
the first week refills are given daily, during the second week every other 
day, and then twice a week from four to six weeks. Thereafter, injec- 
tions are given weekly. The amount of air given at one time rarely 
exceeds 200 cc. We have tried to maintain the pressure around plus 10 
to plus 18. In our early cases we originally gave refills posteriorly 
through the resected rib space or laterally, but frequently encountered 
difficulty in getting into the space. Since then we have used the first 
or second interspace in the midclavicular line anteriorly, and not only 
have had no trouble in getting into the space, but feel that there is no 
danger of injuring the lung at that point. Posterolateral needling of 
the chest wall is now done only for the evacuation of fluid. 

A sterile serohaemorrhagic exudate in varying amount and often 
“bi- and trilayered’”’ always develops early in the extrapleural space 
but never interferes with the collapse (figures 2 and 3). In itself it is 
not a complication. It can be aspirated if it is present in any appre- 
ciable amount. In two to four days it is greatest and then progressive 
absorption, as seen radioscopically, occurs, the space becoming dry in 
almost all cases in about four weeks (figures 2 and 3). Probably in 
absorption and organization of the exudate some fibrous thickening of 
the collapsed pleura occurs but this is only helpful in maintaining sta- 
bility of the lung. If in two weeks after operation the fluid is increasing 
in amount in spite of aspirations, infection either tuberculous or pyo- 
genic must be suspected. Such tuberculous infection occurred in one 
of our cases (figure 4). 

For at least three months all operated patients must be under bed- 
rest treatment and particularly under the same physician, skilled in 
extrapleural refills, if obliteration of the pocket is to be prevented. 
Change in the physician handling one of our cases resulted in loss of an 
apparently effective extrapleural space. 


COMPLICATIONS AND RESULTS 


Early complications may be frequent and serious; late complications 
are rare and in this series are absent. 

Immediate operative complications, notably shock, haemorrhage, 
emphysema, pyogenic wound or space infection, or atelectasis of lower 


| 
4 


EXTRAPLEURAL PNEUMOTHORAX 329 


lobe, have not been encountered. All authors comment on the minimal 
degree of shock and discomfort produced by extrapleural pneumothorax. 
With careful stripping of the pleura, keeping always in the extrapleural 
space, and complete haemostasis with ligation of the perforating vessels 
in the space, haemorrhage necessitating reoperation or evacuation of 
blood clot should not occur. Subcutaneous emphysema has been pres- 
ent in some of our cases for twenty-four hours, in amount similar to 
that following thoracoscopy. Refills have not influenced it and have 
not had to be delayed. Mediastinal emphysema has been absent. 
Pyogenic wound and space infection must always be due to defective 
operative asepsis, although it might come from broken infected endo- 
thoracic lymph or blood channels. Gratifying to us, as well as all 
authors, has been the absence of basal atelectasis of the lung which 
following thoracoplasty is so common. The collapse with extrapleural 
pneumothorax is apparently very selective however extensive. Ability 
to expel secretions by cough is apparently not impaired but rather facili- 
tated by extrapleural pneumothorax. 

In one case the parietal pleura was adherent to the lung only at the 
extreme apex. As extrapleural cleavage was nearly completed, the 
pleura was ruptured unintentionally and our only case of combined 
extra-intrapleural pneumothorax produced. Friability of the pleura 
prevented closure of the hole. The diaphragm between the two pneumo- 
thoraces was not cut. Combined collapse was maintained for four 
months with pressures near zero, when the apical large cavity gradually 
reopened with reéxpansion of the lung. All extrapleural refills, when 
the pressures were made only slightly positive, seemed to gravitate 
basally and only cause dyspnoea and displacement of the mediastinum. 
We attribute this to the presence of the pleural diaphragm between the 
two pneumothoraces trapping the air beneath it and causing untenable 
intrapleural pressure when pressures were raised to the necessary posi- 
tive level to maintain extrapleural collapse. This was one of our earli- 
est cases and we did not have a true understanding then of combined 
extra-intrapleural pneumothorax. The partition between the two pneu- 
mothoraces should have been completely cut at the time of operation or 
preferably in a second stage procedure. The patient was definitely 
improved by the operation, however, so that thoracoplasty was safely 
accomplished fourteen months later. 

There was one case of tuberculous infection of the extrapleural space 
(figure 4). This case, a woman of forty-one years, duration of disease 
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four years, had always been unstable with frequent bouts of high fever, 
toxicity and poor reaction to disease. Soft active nodular lesions were 
present in the upper two-thirds of the right lung with some calcification. 
The entire left lung was involved with scattered lesions in the lower 
lobe and a big cavity in the upper lobe from the seventh rib posteriorly 
and the third rib anteriorly to the apex. She was a poor thoracoplasty 
risk. Left extrapleural pneumothorax was uneventful operatively. 
During the first two weeks the serosanguineous fluid in the extrapleural 
space tended to increase and recur with aspirations and examination of 
it showed tubercle bacilli only. Dye given per bronchial tree never 
appeared in the extrapleural space. Repeated aspiration of the fluid 
with slow improvement in the patient’s toxic symptoms was carried out 
until spontaneous perforation of the lower portion of the operative 
incision evacuated the space eight weeks after operation and further 
refills were abandoned. The wound has since healed, the left upper 
lobe considerably reéxpanded, the cavity reopened and the patient seems 
no worse as a result of operation. Thoracoplasty is delayed by us now, 
however, by the possibility of lighting up the wound tuberculosis which 
may still be dormant even with the wound reactionless the past six 
months. 

One death occurred in this series and is worthy of description (H. F. N. 
discussion of Belsey (18)). A woman of twenty-two years, with history 
of four to six months and semiexudative bilateral disease with an en- 
larging cavity in the left apex extending down to the fifth rib posteriorly, 
was fighting a losing battle. She was running a moderate fever, was 
obviously sick, had laryngeal and intestinal tuberculosis, and yet was 
maintaining her weight. Left intrapleural pneumothorax was unsuccess- 
ful. Thoracoplasty was contraindicated. Left extrapleural pneumo- 
thorax was recommended. In the operation two findings were of great 
importance. First, the cavity was thin walled and could be identified 
close to the surface of the lung posteriorly by its reddish blue color. 
Second, the endothoracic space was not freely dissectable but presented 
marked adherences and large spaces full of milky fluid, probably lymph, 
particularly along the mediastinal side. This is the only case we have 
seen with such unusual milky “acute oedema.” Dissection was carried 
only to the apex posteriorly and abandoned. Refills were given but 
twice postoperatively. Tuberculous infection of the small space created 
did not occur although it was anticipated. Ten weeks postoperatively 
the patient died of progressive, rapidly extending pulmonary and gen- 
eralized tuberculosis, as shown by postmortem examination. 
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These two experiences merit discussion. We are convinced that thin 
walled peripheral cavitations are dangerous for extrapleural pneumo- 
thorax. The possibility of operative rupture of the cavity with the well 
known serious attendant consequences is obvious. But further, can 
the numerous perforating small endothoracic blood vessels be wisely 
divided as necessary in the development of the space? We believe they 
form an important nutritive circulation to the acutely diseased lung and 
by their interruption ischaemic cavity necrosis may well develop, par- 
ticularly when cavities are thin walled and superficial. Further, what 
of the lymph channels in the extrapleural space? We have had one 
striking experience of acute lymph oedema and stasis in this space. 
Such lymph in acute cases, and in such only would we expect to observe 
it macroscopically, must be tubercle bacilli laden and the possibility of 
postoperative space tuberculosis must be great. Even in the semi- 
chronic case (figure 4), such infection occurred even though we observed 
no acute tubercles beneath the pleura during the stripping of it. Cer- 
tainly spontaneous perforation of the lung did not occur. We believe 
the infection in this instance must have been lymph-borne and was 
liberated by necessary rupture of lymph channels present in the endo- 
thoracic space. 

All patients in this series had far advanced pulmonary tuberculosis 
with active recent extensive disease in the contralateral lung, often even 
with cavitation. The lung subjected to extrapleural pneumothorax 
was always cavernous—in 3 instances the disease being exudative, in 
16 of a mixed type and in 2 chronic fibrous. 

In summary, 21 patients operated upon about one and one-half years 
previously have been observed. There was one death; in 3 cases the 
operation was abandoned (our death is included in this group); in 5 
cases extrapleural pneumothorax was later given up or we were forced 
to abandon the space. In this latter group is one case of postoperative 
tuberculous infection of the extrapleural space and one case of unin- 
tentional unilateral extra-intrapleural pneumothorax. One has a nega- 
tive sputum and has been discharged from sanatorium care at his request, 
the other 2 are improved. Two of these 5 patients have since been 
able to have thoracoplasty and are doing well. In 13 (61 per cent) the 
extrapleural collapse gained was excellent and complications were ab- 
sent. There was closure of cavities, retrogression of contralateral dis- 
ease, and in many instances concentrated sputum examination is at 
present negative. Obviously in patients with severe bilateral disease, 
such as in this group, negativity of sputum is unlikely as yet. Only two 
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have been discharged from sanatorium or hospital care and are doing 
light work. All 13 cases are still under weekly refills. No bilateral 
extrapleural pneumothoraces have been done in this group. 

All of our complications were among the first patients of the series. 
We believe our experience particularly in selection of patients for opera- 
tion and in the handling of the more intricate postoperative course will 
lead to greater success. Conversion of the extrapleural pneumothorax 
to the permanent collapse of thoracoplasty seems inevitable. In the 2 
cases so treated thoracoplasty has seemed simplified in every respect. 
Maintenance of the extrapleural space permanently is undesirable and 
often difficult; and it is not conceivable that such extensively diseased 
lungs can ever completely reéxpand, even if still mobile, and surely not 
without reactivation of disease. The use of oleothorax to hold a lung 
tending to reéxpand, we do not advise nor have we practiced it. If the 
pleural strip is extensive and concentric and postoperative care with 
refills under close supervision, it should not be necessary. Its use really 
transforms extrapleural pneumothorax into the older operation of api- 
colysis with plombage. It may make later thoracoplasty more hazard- 
ous and complicated. 


CONCLUSIONS 


1. Extrapleural pneumothorax has proved to be an effective and selec- 
tive means of producing concentric collapse of the tuberculous lung. 

2. The operation should be reserved for those patients in »..0m intra- 
pleural pneumothorax has been unsuccessful or ineffective and thora- 
coplasty is contraindicated. 

3. Its operative success depends on the creation of an extensive space 
and rigid postoperative care particularly in the matter of air refills. 
Operation is not simple; postoperative management exacting. 

4. Minimal shock and postoperative reaction make it highly suitable 
of application in patients unsuitable for other local pulmonary rest. 

5. If the extrapleural space is wholly or partially obliterated, dis- 
cretion in abandoning the operation is superior to surgical courage in 
proceeding over dangerous ground. 

6. Complications usually occur early in the postoperative period and 
may be serious; late complications are rare. 

7. Conversion of the extrapleural pneumothorax to the permanent 
collapse of thoracoplasty seems inevitable, when sufficient improvement 
has occurred to warrant it. 
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THE PARAFFIN PACK IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS! 


FELIX OTTAVIANO 


Extrapleural apicolysis with paraffin, though used extensively in 
Europe, has not met with the approval of many American surgeons. 
Before investigating the reasons for this, a short review of the subject 
would probably aid in explaining the lack of enthusiasm in America. 

In 1891 Tuffier, in France, first mobilized the lung by separating 
the parietal pleura from the chest wall. In 1907, the surgeon Schlange 
of Hanover was the first to use extrapleural packing (with iodoform 
gauze) after stripping the pleura from the chest wall, and succeeded in 
stopping a pulmonary haemorrhage. However, Tuffier was probably 
the first to use the extrapleural method systematically utilizing adipose 
tissue, the fallacy of which (atrophy of the tissue) soon became evident. 
He changed to a mixture of paraffin and bismuth, and in 1915 reported 
a series of 15 cases. Successively, Davies used liquid paraffin; Baer, 
Sauerbruch, and others used the paraffin pack; Sauerbruch reported 
28 cases in 1914. Then followed numerous attempts with other sub- 
stances, because of the fear that paraffin acting as a foreign body caused 
complications. Alexander used muscle tissue (pectoralis major). At- 
tempts were made to insert balloons filled with air, but the results were 
poor. The methods were legion; suffice it to say that they were 
inadequate. 

It was necessary, therefore, to find a paraffin which did not present 
the hazards of the type first applied. 

Sauerbruch has used a paraffin proposed by Baer, namely neutral 
paraffin with a melting point of 48° to 55°C. This allows a malleable 
solid, which can be shaped to fill easily the cavity made by stripping the 
parietal pleura from the chest wall. At Iola Sanatorium, recently, a 
paraffin (melting point of 47° to 58°C.) treated with vioform (200 parts 
paraffin to 1 part vioform) has been adopted. 

With this new paraffin and the apparent success of Sauerbruch, who 
has used the method more than one thousand times, American surgeons 
recently have begun to use the paraffin pack. Head, of Naperville, Illi- 


1From Iola Sanatorium, Rochester, New York. 
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nois, reports 29 cases with the conclusion that “strictly ideal cases 
were uniformly good.” 

McIndoe and Alexander, University of Michigan, report 43 cases with 
70 per cent of the cases arrested or improved. 

At Iola Sanatorium in March, 1936, when presented with the problem 
of a case of bilateral disease limited to the apices of both lungs which 
neither several years of bed-rest nor surgery (pneumothorax and phrenic) 
had been able to arrest, a new method was sought. A bronchogram 
(lipiodol) of the upper lobes showed definite bronchiectasis (secondary 
to the tuberculosis, of course). It was decided that, since thoracoplasty 
was practically impossible, perhaps a limited bilateral paraffin pack 
would be successful. Because of the condition of the left lung, it was 
the first to receive treatment. The result in this case was good, and the 
patient, whose sputum became negative for the first time, left the institu- 
tion, though the contralateral lung was not packed. 

Two months later a case with profuse and incessant haemorrhage, 
who had had a two-stage thoracoplasty previously, and who was a poor 
risk for a third stage, was packed with paraffin as an emergency. The 
patient is now working full time in the institution. 

The success in both of these cases established paraffin packs as a pro- 
cedure to be considered at Iola Sanatorium. The technique is simple 
enough. It may be done under local anaesthesia. A small incision, 3 to 
4 inches long, is made posteriorly through the soft tissues down to the 
ribs. About 13 to 2 inches of the third or fourth rib is resected. The 
pleura is stripped away carefully with the finger. The paraffin, which 
has been allowed to cool to a point where it is just malleable, is made 
into small sausage-shaped masses and inserted gently without undue 
pressure. It should be a filler, not a compressor. The soft tissues then 
are carefully united to prevent bulging of the paraffin. 

In the year, February, 1936 to February, 1937, (at this writing) a 
total of 25 cases have had paraffin packs. Naturally, these have not 
all been ideally selected cases because several have been old, unsuccessful 
thoracoplasties, and other unfavorable cases for whom this type of 
treatment is the only hope. It is necessary therefore in the following 
summary to group the cases as: 

Group I: Jdeal (apical unilateral or bilateral lesions with inactive 
tuberculosis in the contralateral lung not very extensive). 

Group II: Favorable (minimal or moderately advanced unilateral 
lesions, extending below the limits of the apex or present in other regions, 
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such as middle and base. One-stage thoracoplasties and cases with 
negative sputum but with frequent haemoptyses). 

Group III: Questionable (poor thoracoplasty risks, and two-stage 
thoracoplasties whose sputum has not turned negative. Advanced 
tuberculosis, etc.) 


SUMMARY OF THE CASE STUDY 


In group I (cases 8774, 8714, 8620, 7182) there are 4 patients all of 
whom have had negative sputum since operation. One died but there 
was nothing to show that either the procedure or the -paraffin was 
responsible. Even these cases were not ideal in every sense of the word. 

A typical case history in this group is that of case 8774: 


A 33 year old white man, admitted for the first time on May 19, 1936 with the 
diagnosis of moderately advanced disease, extending on the right to the sixth 
and the left to the eighth posterior ribs. He had a history of active disease 
since 1927, and received pneumothorax outside the institution. He was packed 
with paraffin on the left side on August 24, 1936; his sputum was last positive 
on September 8, 1936, and he has had thirteen negative examinations since. 


In group II (cases 7972, 6299, 7585, 5121-R, 8365, 3965-R, 8381, 7848) 


only one case has not turned negative and will probably receive an 
anterior pack. 

Thus in the first two groups where the indications are at least favorable, 
10 of 11 have had negative sputum since the operation. One died of 
causes not attributable to the paraffin pack. 

A typical history of group II is that provided by case 7848: 


A 33 year old white woman admitted for the first time on March 26, 1934 with 
the diagnosis of moderately advanced ‘‘C’’, extending on the right and on the 
left to the seventh posterior rib. An unsuccessful artificial pneumothorax 
on the left was attempted in April, 1934, a left phrenicoexairesis was performed 
on April 25, 1935, and finally she received a first and second stage thoraco- 
plasty in July and September, 1935, but her sputum remained positive. She 
was packed with paraffin on the left on June 4, 1936; she has had twenty-four 
negative sputum examinations since and was discharged in December, 1936. 


In group IIT (cases 4989-R, 8935, 6263, 7697-R, 7222-R, 7083-R, 
4324-R, 7866-R, 5256-R, 8577, 7674, 7116, 6044, 2721-R) 6 still have 
positive sputum and 7 have negative sputum. This, of course, does not 
appear very encouraging, but it must be remembered that these people 
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had no other recourse. They were doomed to a sanatorium for the rest 

of their lives. Even the 6 who have positive sputum may receive an 

anterior pack and leave the institution eventually apparently arrested. 
A typical history is case 7697-R: 


This man left the institution twice against advice and was admitted for the 
third time on May 8, 1936, with the diagnosis advanced “‘B” on the right to 
the tenth posterior rib, and on the left questionable. Previously there had 
been performed artificial pneumothorax and a two-stage thoracoplasty. He 
was finally packed with paraffin on the right on August 14, 1936. A temporary 
block of the right phrenic and an anterior paraffin pack were performed on 
November 7, 1936. His sputum was last positive on January 8, 1937. He 
left the institution against advice on January 30, 1937, quiescent. 


SUMMARY OF DATA 
A. All Three Groups 
1. Total number of cases 
2. Total number discharged 
a. Apparently arrested 
b. Quiescent 
(1) Negative sputum 
(2) Positive sputum 
3. Still in sanatorium 
a. Negative sputum 
b. Positive sputum 
4. Number dead 


B. Groups I and IT 
1. Total number of cases............. 
2. Total number discharged 
a. Apparently arrested 
b. Quiescent 
3. Still in sanatorium 
a. Negative sputum 
b. Positive sputum 
4. Number dead 


C. Group III 
1. Total number of cases 
2. Total number discharged 
Quiescent 
Negative sputum 
Positive sputum. . 


if 

| 

11 4 

8 

6 

2 

2 

1 

1 

1 


338 FELIX OTTAVIANO 


3. Still in sanatorium 
a. Negative sputum 
b. Positive sputum 
4. Number dead 


CONCLUSIONS 


The conclusions to be drawn are naturally premature and inadequate. 
In the first place the cases which will be considered for paraffin pack in 
the future will be those of the types in groups I and II, and the more 
favorable ones of group III, betause packs will be done, then, before 
thoracoplasties. 

It can readily be seen that minimal and moderately advanced, 
fibrotic lesions limited in extent, without visible cavitation or with cavi- 
ties not greater than three or four centimetres in diameter, are the ones 
which respond best to the pack treatment. 

It must be remembered that the paraffin pack has a higher percentage 
of success than thoracoplasties, and yet will not present the deformities 
(in many cases, extreme) and discomfort of the latter. Moreover, the 
pack can always be removed and then, if necessary, more radical chest 
surgery attempted. This statement is substantiated by the following 
figures: of the 25 cases presented in this paper, 14 have not had previous 
thoracoplasty ; of these 14, 12 have had negative sputum since operation, 
one had negative sputum and was going to meals in the dining room, 
when an attack of influenza caused reactivation and he died of tuber- 
culous pneumonia. (This lesion was of the unfavorable group.) The 
other still has positive sputum and will receive an anterior pack. The 
remaining 11 consist mainly of thoracoplasty cases of which 5 have be- 
come negative and 4 are still positive; one is a recurrent bleeder whose 
sputum has been consistently negative since his thoracoplasties; it is 
hoped that an anterior pack in this case will stop the bleeding. __, 

The dangers of the paraffin pack are few. At Iola Sanatorium the 
paraffin itself has presented no difficulties as yet. Perforation and 
moving of the paraffin have been the only complicating factors. 

Thus, though a series of 25 cases is not by any means conclusive, when 
it is recalled that many of the patients had no other hope, one can see 
that the pack takes its place in the treatment of tuberculosis. 


OXYGEN AS A CAUSE OF REACTIONS FOLLOWING 
PNEUMOTHORAX REFILLS! 


H. E. PUGSLEY 


About three per cent of the tuberculous patients who have artificial 
pneumothorax at this institution are subject to a febrile reaction after 
each air refill, associated with a symptom complex beginning about 
twelve hours after the refill and lasting for twenty-four to forty-eight 
hours. The degree of fever varies from slight to high in different pa- 
tients and the symptoms consist of malaise, pain over the chest on the 
side of the pneumothorax accentuated by deep breathing, headache, 
general aches, nausea and in the more severe reactions, vomiting. This 
symptom complex will be referred to as a ‘pneumothorax refill reaction.” 
The usual course is for the reactions to become gradually less severe 
during the course of a year or longer. 

In the course of a study of the possible value of helium refills in arti- 
ficial pneumothorax the author had occasion to try helium refills on 
patients subject to pneumothorax refill reactions and was surprised to 
observe that very little or no reaction followed the use of helium. 

Although it is outside of the scope of this report to give in detail the 
findings in reference to helium refills in artificial pneumothorax, it may 
be stated that artificial pneumothorax can be safely induced and main- 
tained by the use of helium, that helium appears to cause no irritation 
of the pleura and that refills slightly larger in amount than air are re- 
quired to maintain the pneumothorax. 

There are 6 patients at this institution who are subject to pneumo- 
thorax refill reactions after air refills. They all have moderately ad- 
vanced or far advanced pulmonary tuberculosis which is under good 
control as a result of pneumothorax therapy. Table 1 is a summary of 
the 6 cases and it is seen that the reactions were either very slight or 
absent after helium refills. 

After the favorable action of helium refills was established as com- 
pared with air, an attempt was made to determine the element in air 
which caused the reactions. This was done by giving nitrogen refills 


1From the Muskoka Hospital, Gravenhurst, Ontario, Canada. 
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to each of the 6 cases or a mixture of helium and oxygen or in 3 cases 
just oxygen. No reaction followed the nitrogen refills whereas a slight 
or moderately severe reaction followed the mixture of helium and oxygen 
and a moderately severe reaction followed the oxygen refills. The 
following is a brief notation of 3 of the cases. 


Case 1: Mrs. L.C. (See table 1.) Although this patient’s pulmonary disease 
had been brought under good control as a result of bilateral pneumothorax, 
she was suffering from severe or moderately severe pneumothorax reactions 
after air refills on either side; the body temperature rose to 101° to 103°F. 


TABLE 1 
Patients changed from air to helium refills because of febrile reactions after air refills 


LENGTH 
OF TIME 
PATIENT 
SUBJECT 
TO REFILL 


INTENSITY OF REACTIONS 
DURATION OF 
PNEUMO- 
THORAX 


After helium 


REACTIONS 


After air 
refills 


refills 


2 years right 
side 


1 years left 
side 


2 years 


6 months 

4 years 

3 years, 7 
months 


3 years 


1} years 


8 months 


years 


months 


3 years 
14 years 


14 years 


Severe or mod- 
erately se- 
vere 

Severe or mod- 
erately se- 
vere 

Slight or mod- 
erately se- 
vere 

Moderately 
severe 

Slight 


Moderately 
severe or 
slight 

Slight 


Usually none, 
slight once 


None 

Very slight or 
none 

Very slight or 


none 
None 


Very slight 


Very slight or 
none 


Bilateral pneumothorax 


Subject to reactions after 
air refill on either side 


Subsequently developed 
pleuritis with small ef- 
fusion 

Small pleural effusion 
present for past 1} years 


Small pleural effusion 
present for past 1} years 


on the day following the refill and did not return to its usual level of 99°F. 
until the afternoon of the second or third day. The febrile reactions were 
accompanied by vomiting, insomnia and the other distressing symptoms asso- 
ciated with refill reactions previously described. After helium or nitrogen 
refills there were no symptoms of a reaction and the body temperature did 
not rise above its usual level of 99°F. 

After the usual interval a refill of helium 79 per cent and oxygen 21 per 
cent was given on the left side; a refill reaction with vomiting and a tempera- 
ture of 100.1°F. followed. Later a refill of helium 69 per cent and oxygen 
31 per cent was given on the right side; a moderately severe reaction with 
vomiting and a fever of 101°F. followed the next day. 


CASE | COMMENTS 
| 
| 
2. M. E. a | 5 
3. M.C. Cs 
4. Mr. A.B. 2 
5. Miss A. B. 3 
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Case 2: Miss M. E. This patient has been having pneumothorax refill reac- 
tions of varying intensity for the past one and a half years, previous to which 
she had a tuberculous empyema complicating the pneumothorax for which 
repeated aspirations and air replacements were done which also were followed 
by acute febrile reactions. During the past six months the patient was well 
between treatments, ran a normal temperature, and was doing light work. 
However, she always found it necessary to stay in bed on the day following a 
refill of air because of a reaction and a temperature of 100° to 101°F. She 
has had four helium and two nitrogen refills; no symptoms or elevation of 
temperature followed, except once when her temperature rose to 99.4°F. and 
she complained of a headache. There has been no interruption of her work 
following helium or nitrogen treatments. Recently she was given a refill of 
53 cc. of oxygen which was less than half the amount of gas usually given; a 
moderately severe reaction with chest pain and vomiting followed the next 
day, the temperature rose to 100.2°F. 


Case 3: L. D. This case of far advanced pulmonary tuberculosis has had 
artificial pneumothorax on the left side for three years. One and one-half 
years ago she developed a moderate amount of pleural fluid complicating the 
pneumothorax and about a month later began to have slight or moderately 
severe reactions following air refills and has continued to do so since. Six 
months ago an intrapleural pneumonolysis was done on the left side at which 
time the surgeon observed grayish, slightly elevated, pin-head nodules on the 
visceral pleura. 

After air refills her temperature had been rising above its usual level of 99° 
to 100°F. to 101°F. or higher. After helium or nitrogen refills the temperature 
remained unchanged. The above mentioned pleural effusion has persisted; 
300 cc. of this fluid was aspirated and replaced with air four months ago and a 
moderately severe reaction followed. Recently 300 cc. of fluid was again 
aspirated but replaced with 400 cc. of nitrogen and no reaction followed. 
Following this, a refill of 85 cc. of oxygen was given and a moderately severe 
reaction followed; the temperature rose to 101.2°F. on the following day and 
did not reach its usual level of 99.2°F. until five days later. Eighty-five cc. 
of oxygen represents approximately the amount of oxygen which would have 
been given in the gas replacement following the aspiration had the 400 cc. 
of gas replaced on that date been air instead of nitrogen. 


PROBABLE EXPLANATION OF THE FAVORABLE ACTION OF HELIUM IN 
PATIENTS SUBJECT TO PNEUMOTHORAX REFILL REACTIONS 


These patients probably all have chronic tuberculous pleuritis. All 
except one of the 6 cases in this series had a bout of high or moderate 
fever associated with a pleural effusion on the pneumothorax side six 
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weeks to four months after the pneumothorax was induced with air. 
The refill reactions began simultaneously with the appearance of the 
pleural effusion in one case. In the remaining 4 cases the refill reactions 
began one month to one year after the appearance of the pleural effu- 
sion. In 2 of the 6 cases an interpleural pneumonolysis was done to 
sever adhesions, at which time the surgeon reported the presence of 
white pin-head elevations on the pleura which were, no doubt, tubercu- 
lous foci. 

Gas samples from the pneumothorax space were analyzed in the 6 
cases and the oxygen percentage varied between the very low figures 
of 0.2 and 0.3 per cent and the carbon dioxide varied between 8.5 per 
cent and 12.3 per cent. The usual percentage of oxygen in the pleural 
space varies from 2 to 4 per cent. However, other patients who have 
or have had a hydropneumothorax but are not subject to refill reactions 
were found to have an oxygen percentage as low as 0.2 per cent. 

The tubercle bacillus is a strict aerobe. Novy and Soule (1) reported 
that the optimal concentration of oxygen for the growth of the tubercle 
bacillus is at about 40 to 50 per cent. In atmosphere containing 10, 6, 
3, 1 and 0.5 per cent oxygen the rate of growth was correspondingly 
retarded. A tube containing 0.19 per cent of oxygen at the start did 
not produce a visible growth they reported. Kempner (2) recently 
reported that the respiration of tubercle bacilli is highly dependent on 
variations of oxygen concentration. At 2 vol. per cent respiration was 
inhibited by 58 per cent and at 1.1 vol. per cent by 70 per cent. 

Since the oxygen percentage in the pleural space is about 0.3 per cent 
in the case of patients subject to refill reactions and is in equilibrium 
with that in the adjacent tissues, it follows that the tuberculous foci 
in the pleura are in a state of oxygen deficiency. It therefore appears 
that the reactions following air or oxygen refills are due to a temporary 
flare-up of the tuberculous pleuritis which is promptly smothered again 
as soon as the added oxygen is consumed. The favorable action of 
helium or nitrogen refills is due to the fact that no oxygen is added. 

As a corollary to the above conception, Coryllos and Ornstein (3) 
have maintained that open intrapulmonary tuberculous cavities favor 
the growth of tubercle bacilli due to the high oxygen content. More- 
over, they maintain in the case of tuberculous empyema with a bron- 
chial fistula that, following closure of the fistula, toxic phenomena 
disappear due partly to the rapid absorption of oxygen within. 

It is probable that the compression of the inflamed pleura after refills, 
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because of the increased volume of gas in the pleural sac, is a minor 
cause of reactions, because a slight indisposition followed even a helium 
refill occasionally. 


DISCUSSION 


Considerable importance is placed on the observation that, in the case 
of a patient with a pneumothorax complicated by chronic tuberculous 
pleuritis, a refill containing oxygen may cause an acute febrile reaction 
of short duration which probably represents a flare-up of the tubercu- 
lous pleuritis. Such an observation supports the theory that the oxygen 
supply is a vital factor in the activity of tuberculous foci and that the 
rich oxygen supply of the lung parenchyma is a factor in determining the 
relatively low resistance of lung tissue to the invasion of tubercle bacilli. 

Moreover, in the case of tuberculous effusion or empyema, an acute 
febrile reaction may follow aspiration of the fluid and air replacement. 
In such cases, aspiration and nitrogen replacement should be tried. 

As nitrogen is less rapidly absorbed than helium it is more suitable 
for refills. 


CONCLUSIONS 


1. Patients subject to febrile reactions following air refills have very 
little or no reaction following helium or nitrogen refills. The favorable 
action of helium or nitrogen in these cases is due to the fact that the refill 
contains no oxygen. 

2. Such patients probably all have a chronic tuberculous pleuritis 
which flares up upon receiving an increased supply of oxygen in the refill. 


I wish to acknowledge my sincere gratitude to Dr. H. C. P. Hazlewood, the Physician-in- 
Chief of this Hospital, for his support and encouragement in the above study. I am greatly 
indebted to Professor G. H. W. Lucas of the University of Toronto for instruction in the 
principles and technique of gas analysis. I am also indebted to many others of our staff for 
their kindly help. 
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TOTAL AGRANULOCYTOSIS FOLLOWING GOLD 
THERAPY! 


Report of a Case with Recovery and Review of the Literature 
GEORGE S. MIRICK 


Since the introduction of gold sodium thiosulphate by Mgllgaard of 
Copenhagen in 1924, the popularity of gold salts as therapeutic agents 
has steadily increased in tuberculosis, chronic rheumatism, lupus erythe- 
matosis and divers other maladies. Many reports have appeared, es- 
pecially on the continent, more recently in England, and still more 
recently in the American literature. One cause for the lag in the adop- 
tion of gold salts in this country may have been the fear of their various 
toxic qualities. These have been carefully reported and analyzed, 
notably by Hartfall, Garland and Goldie (14). We report here one of 
the more rare toxic reactions. 


Case Report 


H. L. S.: (#A84080) The patient, twenty-two years old, single, white, 
female, a telephone operator, was on the medical ward of the Stanford Hospital 
from October 3 to October 21, 1938, and again from February 20 to May 2, 
1939. Her chief complaint was arthritis for about one year. Family history 
was negative. Past history was negative except for recurrent right otorrhoea. 

The present illness began six years before, when the patient noted some 
transient pain in her right wrist. She was then perfectly well until the fall 
of 1937, when her feet became sensitive and swollen; a little later the left 
knee became swollen and painful, with relief from intravenous injections of 
some unknown medication. There was a flare-up of the joints in April, 1938, 
with involvement of hands, feet, left elbow and knee, right shoulder and lower 
back. There was variable swelling, pain and stiffness in these regions. A 
tonsillectomy was done in July, 1938 without any evident effect. Various 
foods were eliminated from the diet on her doctor’s advice because of sus- 
pected sensitivity, again without relief, and the condition persisted until time 
of entry. 

Physical examination showed a well developed and nourished young woman. 


1 From the Department of Medicine, Stanford University School of Medicine, San Fran- 
cisco, California. 
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Temperature 37°C. Pulse 90. Respirations 16. Blood pressure 128/76. 
She walked gingerly. The skin showed mild acne. Both tympanic mem- 
branes were sclerotic. Examination of the joints showed that the meta- 
carpophalangeal joints of both thumbs, the right wrist and shoulder, the left 
elbow and knee, the ankles and small joints of the feet were swollen and 
warm, with limited and painful motion. Otherwise the physical examination 
was entirely negative. There were no evident foci of infection. 

Laboratory examination showed: red cells 4,120,000; haemoglobin 67 per 
cent (Sahli); white cells 8,000 percmm. Urine, stool, and blood Wassermann 
tests were negative. Sedimentation rate (Wintrobe) was 38 mm. in one hour 
when corrected for anaemia. Packed cell volume was 36 per cent. Electro- 
cardiogram was normal. Blood urea was 21 mg. percent. Cervical smear was 
negative for gonococci. Chest X-ray film showed a small patch of infiltration 
in the right upper lobe, which was thought to be possibly active tuberculosis, 
but more likely obsolete. X-ray films of all the infected joints showed “‘ex- 
tensive destruction of cartilage, of moderate degree, in the right carpus with 
similar changes also in the right tarsus. Left knee shows a little subcortical 
decalcification on the external tibial condyle. The ankles, elbow and shoulder 
are not remarkable. The marked decalcification of ordinary atrophic arthritis 
is lacking.” Impression: Type I (rheumatoid) arthritis; pulmonary 
tuberculosis (?). 

She was treated on this admission with a high vitamin diet plus Brewer’s 
yeast, 45 g. daily, and ferrous sulphate, 1.2 g. daily. She also received six 
intravenous injections of typhoid vaccine giving a fever of over 39°C. for more 
than two hours each time. She was discharged very slightly improved on 
October 21 to remain in bed at home and carry out a sanatorium type of 
treatment, with bed-rest, nourishing diet and vitamins. There was a very 
slight improvement after two and a half months in bed, but after cautiously 
getting up during the next two weeks, her joints were found to be as bad as 
ever, so she reéntered the hospital on February 21, 1939, for a check-up. On 
this entry her general physical examination was essentially the same. Tem- 
perature 37.8°C. Pulse 96-124. Respirations 20. Blood pressure 134/82. 
The joints were about as on discharge except that the right shoulder had 
cleared up and the right knee had become involved. The left knee seemed 
much worse and seemed to contain some fluid; hands and feet were sweaty. 

Red cells 4,100,000; haemoglobin 80 per cent (Sahli); white cells 9,000 
with 70 per cent polynuclears; 4 per cent eosinophiles; 22 per cent lymphocytes; 
and 4 per cent monocytes. Urine showed a small amount of sugar on several 
occasions, but fasting blood sugar was only 102 mg. per cent. Stool and 
blood Wassermann again negative. Sedimentation rate (Wintrobe) was 
36 mm. (corrected). Packed cell volume was 32 per cent. Gonococcal com- 
plement fixation test was negative. 
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In view of the apparent, though transient, benefit which she had received 
from the former course of hyperpyrexia, the patient was willing to undergo 
this treatment once more. She received a total of thirty-three hours of fever 
over 39°C., obtained by twelve injections of typhoid vaccine on alternate 
days between February 24 and March 18. At the completion of this series 
the patient was quite tired and worn, but there was scarcely any subjective 
or objective change in her joints. On March 12 it was decided to start treat- 
ment with parenteral gold sodium thiosulphate (Abbot). The course from 
this point on is summarized in table 1. 

The only untoward reaction which was noted, in addition to the agranulo- 
cytosis, was a rather mild skin rash which appeared on April 7. The fingers 
were involved with lesions typical of dyshidrotic eczema and the lateral aspects 
of both arms were spotted with a patchy red dermatitis. There was also an 
irregular fever, general malaise, headache, and on one day, sore gums. No 
severe infection of any kind made its appearance and to this we probably owe 
the successful outcome. It is important to mention that the only drug used, 
beside those listed in the table, was sodium amytal as needed for sedation. 
This has not been reported to our knowledge as a cause for agranulocytosis. 
There was no story of ingestion of drugs which are supposed to cause agranulo- 
cytosis. It is noteworthy that following the short course of gold salts there 
was very definite and marked improvement in her joints. She felt better 
than at any time since the onset of her illness and left the hospital walking 
quite freely and without pain. 


We wish to emphasize the apparent toxicity of gold salts upon the 
haematopoetic system, and specifically the production of agranulocy- 
tosis. Wintrobe (46), in his recent report of a case of aplastic anaemia 
attributed to chrysotherapy, cites nine cases of pure granulocytopenia 
gleaned from the literature. In our search we have found eight more, 
in addition to the nine listed by Wintrobe. These seem to fall into the 
group of pure granulocytopenia as opposed to aplastic anaemia and 
thrombocytopenic purpura. A summary of these seventeen cases, 
including our own case, is found in table 2. We have excluded from this 
series all cases in which there is obvious damage to other blood elements 
than the granulocytes. 

Of these 18 patients 9 had “‘rheumatism” and 9 had pulmonary tuber- 
culosis. Nine died, 4 rheumatic and 5 tuberculous. Nine recovered, 
5 rheumatic and 4 tuberculous. Fourteen were women, 6 of whom died 
and 8 recovered; 4 were men, 3 of whom died and one recovered. The 
ages varied between nine years and sixty-five years, with average age of 
thirty years. Sixty-eight per cent of the cases fell between the ages of 
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twenty and thirty-two years. Age seemed to make little difference in 
prognosis. Sore throat or stomatitis was present in 14 patients, 8 of 
whom died and 6 recovered. It was absent in 4 cases, one of whom 
died, while 3 recovered. Eosinophilia of 8 per cent or over was present 
in 6, or one-third of the cases, and all of these recovered. It was absent 
in 10 patients, 7 of whom died and 3 recovered. It was not mentioned 
in 2 cases. 

The lapse between institution of gold treatment and development of 
agranulocytosis varied. The interval in days between the first gold 
injection and the recognition of agranulocytosis was mentioned in all 
but 2 cases. For 9 that recovered it was: 12, 18, 20, 25, 30, 30, 40, 49 
and 53 days. For 7 that died it was: 14, 19, 24, 59, 67, 90 and about 
180 days. These figures would seem to indicate that this interval has 
little bearing upon the ultimate outcome. 

Five separate gold preparations have been incriminated. Twelve 
cases received Crisalbine (gold sodium thiosulphate), of whom 7 died 
and 5 recovered. Three cases received Sanocrysin (double thiosulphate 
of gold and sodium), of whom one died and 2 recovered. One case re- 
ceived Allochrysin (auro-thio propanol sulphonate of sodium) and died. 
One case received Solganol-B (auro-thio-glucose) and recovered. One 
case received Lopion (auro-allyl-thio-urea benzoate of sodium) and 
recovered. It would seem that the type of salt used made little differ- 
ence in the prognosis. Nor does the dosage of gold used seem to be of 
significance in prognosis. The cases which died received between 0.8 
and 3.5 g. with an average total dose of 1.29 g. of the salt. Those which 
recovered received between 0.08 and 4.5 g. with an average of 1.26 g. 

Of greater significance is the degree of neutropenia which developed. 
Below are listed the lowest levels of neutrophiles plus basophiles per 
cubic millimetre of blood in each case. 

Died Recovered 
0 0 
0 0 
0 23 
10 36 
12 40 
12 85 
16 156 
20 400 
34 522 
It is noted that if the cells fell below 34 per cubic millimetre the outcome 
was 75 per cent fatal, whereas all cases with a low level of 36 or more 
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cells recovered. Our case makes the second reported case with com 
plete agranulocytosis to recover. 

To summarize, it appears that prognosis does not depend upon sex, 
age, associated disease, type of drug used, dosage of the drug, or interval 
between onset of treatment and appearance of the agranulocytosis. 
There does seem to be a definite relationship between the outcome and 
the degree of neutropenia, and the absence or presence of eosinophilia. 
The latter seems to be a good prognostic sign. This has been previously 
noted by Chabaud, Ginsbourg and Lantlet (9), and by Achard, Coste 
and Cahen (1), whereas it was considered of no significance by Ameuille 
and Braillon (2) and Secher (39). Forestiere (11) looked upon the ap- 
pearance of an eosinophilia as a warning of trouble to follow. 

The réle of treatment is difficult to evaluate as many cases recovered 
without benefit of any special treatment. 

The evidence incriminating gold as the cause of granulocytopenia is 
circumstantial in nature, since this complication is excessively rare. 
There are some toxic reactions to the use of gold in approximately 30 
per cent of the cases treated. Ameuille (2) estimates that pure granu- 
locytopenia occurs in about one per thousand cases treated, but he does 
not differentiate in his reports between pure agranulocytosis and ‘‘haem- 
orrhagic aleukia” and aplastic anaemia, so the incidence is probably less. 
In the 900 gold-treated cases of Hartfall, Garland and Goldie (14) it 
occurred only once. The reported cases are, in almost all instances, 
isolated observations and there are several series of 100 or less cases in 
which other complications are dealt with and agranulocytosis is not 
mentioned (4, 8, 12, 26, 33). 

Touraine and Bour (41) attempt to show that “‘agranulocytosis is very 
probably a purely infectious malady of complete autonomy, and that 
chemotherapy does not intervene in its development except as an ac- 
cessory cause.” They first compare the “gangrenous angina” of the 
older clinicians (13, 27, 34, 35, 42) before the days of chemotherapy, and 
the agranulocytic angina of Schultz, usually attributed to drugs. They 
feel that from the clinical side these two are one and the same disease. 
Secondly they analyze 371 cases of agranulocytosis reported between 
1920 and 1937. Of these, 178 were described as spontaneous, the re- 
mainder as secondary to drug therapy, arsenic, gold or amidopyrine. 
These two groups, as well as the older cases, seemed to obey identical 
epidemiological and endemiological laws, as to geography, season, age, 
sex and relationship to other infections. 
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There seems to be no doubt at the present as to the relationship of 
some drugs to agranulocytosis (aminopyrine, dinitrophenol, arsphen- 
amine, sulphanilamide, novaldin). This question is well summarized 
by Kracke (20). He, however, lists gold among the doubtful drugs. 
In Plum’s (28) review of agranulocytosis he has summarized 19 cases 
supposedly due to gold, 12 of which are included here, the other 7 being 
omitted because there was obvious damage to other blood elements than 
the granulocytes. Plum likewise was uncertain as to the importance of 
gold in their production, chiefly because of the variable interval before 
the appearance of blood changes and the fact that there was insufficient 
evidence as to the use of other drugs in the case reports. 

Koppenhéfer (18) has made a rather complete study of the distribu- 
tion of gold preparations in rabbits. After administering the salts he 
has been able to identify them by direct microscopical observations in 
the bodies of the sacrificed animals. When colloidal gold is administered 
it can be identified as tiny bits of metallic gold in the reticulo-endothelial 
cells of the liver, spleen, and bone marrow. An extraordinarily small 
amount is found in the kidney, and a nephrosis is never produced. 

Inorganic gold salts and compounds of gold and sulphur behave some- 
what differently. Here the gold settles out in the parenchymal cells and 
very little is found in the reticulo-endothelial cells. Sanocrysin (double 
thiosulphate of gold and sodium) appears as gold sulphide predomi- 
nantly in the parenchymal cells of the kidneys. Solganol and lopion 
(auro-allyl-thio-urea benzoate of sodium) appear as sulphides. Sol- 
ganol if given intravenously and lopion, in water parenterally, localize 
in the convoluted tubules; solganol by mouth and lopion in oil par- 
enterally localize in the glomeruli and capillary endothelial cells. Sol- 
ganol B (auro-thio glucose) is localized like solganol but appears as 
metallic gold. 

All the salts used in our series are sulphur compounds, and fall into 
the group which is localized in the kidneys either as metallic gold or 
gold sulphide, so there is no anatomical explanation for the depression 
of blood formation. This fits in with the work of Brown, Saleeby and 
Shamberg (7), and confirmed by Rubinstone (7) who showed that 
marked degenerative changes took place in the kidneys before the blood 
picture showed any definite abnormality. 

From the experimental standpoint it has been impossible, to date, to 
directly incriminate gold. Emile-Weil and Bousser (10), Bernard (3), 
Pan (25), and Heinlid (17) have all failed to produce agranulocytosis 
by injections of gold salts into rats and rabbits. 
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None of these arguments is potent in finally settling the question. 
There is obviously great individual difference in reactions to the metal. 
If animals are to be used it would take, from comparison with the human 
incidence, much larger series than have erstwhile been employed. From 
the clinical standpoint it will require subsequent reporting of more 
closely documented cases with special reference to the use of other drugs. 
It might be possible to reach some conclusions by the method used in 
checking aminopyrine, namely the further administration of the drug 
to one who has already shown an agranulocytic reaction. 

Various prophylactic measures have been advocated to decrease the 
probability of untoward reactions. As most of the metal is eliminated 
in the urine, it is felt by Forestiere (11) to be contraindicated in all 
cases of kidney disease. Other unsuitable backgrounds are: liver dis- 
ease, haemorrhagic states, allergic constitutions, and eczema. Williams 
(44) advocates the simultaneous injection of calcium gluconate intrave- 
nously. Whereas about one-third of his cases had previously shown 
skin reactions, by this precaution he treated seventeen cases without any 
untoward result at the time of his report. 

Wilson (45) had about 48 per cent of reaction in 52 patients with pul- 
monary tuberculosis treated with sanocrysin. Combining the sano- 
crysin with calcium (Sandoz) he only had 15 per cent of reactions in 
the next 20 cases. Others finding calcium useful are Mayer (23), 
Bernard and Mayer (24), and Roche (33). 

Secher (39) considers the reaction to sanocrysin to be due to the libera- 
tion of toxins from tuberculous and rheumatic patients and not to metal 
poisoning. Erythema and thrombopenia are the most troublesome and 
may be eliminated by giving large doses of vitamins. He recommends 
daily doses during treatment of A 20,000 I.U., B; 750—1,500 I.U., Be 
375-750 Kriger Lassen Units, C 2,500 I.U. 

The patch test introduced by Lichtenstein (21) and evaluated by 
Schwatt and Rest (37) may be of use in anticipating skin reactions but 
is of doubtful value in avoiding haematological complications. 

Schwartz and Heise (38) have summarized the literature on thera- 
peutic agents that have been used with supposed good effect in treating 
agranulocytosis. They include a complete bibliography. Their list 
includes X-ray irradiation of the bones, blood transfusions, intravenous 
dextrose, injections of milk and other foreign proteins, whole blood 
intramuscularly, a mixture of extracts of bone marrow, spleen, thymus, 
hypophysis' and blood serum of a young goat, silver salvarsan, neo- 
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salvarsan, normal horse serum, pentonucleotide, solganol-A, leucocytic 
cream, aseptic pus, sodium nucleinate, liver extract and raw liver. 
Some recent suggestions, not included above, are: copper therapy (40), 
transfusion with leukaemic blood (29), and transfusion with blood from 
a donor who has previously received injections with milk, at the time of 
greatest leucocytosis (30). 


SUMMARY AND CONCLUSIONS 


1. A case has been reported of complete agranulocytosis following 
therapy with sodium gold thio-sulphate with recovery. 

2. The literature has been reviewed and seventeen other cases of pure 
agranulocytosis following gold therapy have been collected. 

3. It is estimated that this complication supervenes in about one 
case per thousand patients treated with gold salts. 

4. An analysis of these cases shows that 50 per cent. recovered and 
50 per cent died. 

5. Two useful factors in judging prognosis were degree of neutropenia, 
below 30 granulocytes per cmm. being a bad sign, and eosinophilia a 
good sign, all cases with over 8 per cent recovering even though com- 
plete agranulocytosis followed, as in our case. 

6. Age, sex, underlying disease, dosage of gold, salt employed, length 
of time between onset of therapy and onset of the agranulocytosis seemed 
to make no difference in prognosis. 

7. The relationship between gold salts and the blood changes is dis- 
cussed, leaving the question still unsettled because of the similarity of 
idiopathic agranulocytosis (agranulocytic angina) and agranulocytosis 
following drug therapy; the anatomical deposition of gold salts elsewhere 
than the bone marrow; the extreme variability of dosage and of time of 
onset; the lack of experimental evidence of gold toxicity in animals, 
and the insufficient clinical data in reported cases as to the use of other 
drugs. Our case lends support to the concept that gold may be the 
cause of agranulocytosis in some cases. 

8. Contraindication to use of gold, prophylactic measures, and therapy 
of the agranulocytosis are briefly discussed. 
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ACTINOMYCOSIS OF THE LUNG AND PLEURA!:? 


ELLIOTT C. CUTLER anp ROBERT E. GROSS 


At this symposium in which tuberculosis is the primary subject of 
discussion it is not untimely to call attention to a chronic pulmonary and 
pleural infection which is often diagnosed as tuberculosis and which may 
go unrecognized for long periods of time. Actinomycosis of the pleura 
and lung is a relatively rare condition, but it is one of considerabie impor- 
tance because of its high fatality rate. Therefore, it is proper to continue 
studies of this serious malady, which has largely baffled the efforts of 
medical and surgical therapeutists, so that we might detect these lesions 
in earlier stages of development and possibly find better ways of treat- 
ing them. 

Aetiology: Actinomycosis is a fungus infection which occurs in most 
parts of our country, but which is more common in the central plains 
where agricultural pursuits and closer contact with farm animals probably 
account for the higher incidence of the disease. Actinomycosis has 
long been recognized as a transmissible bovine condition in which the 
development of the typical “lumpy jaw” has been proved to be due to 
the fungus, Actinomyces bovis. This disease should not be confused with 
the so-called woody tongue of cattle, which is now known to have as its 
aetiological agent the Actinobacillus, an organism which produces disease 
in man with great rarity. 

Human actinomycosis occurs in the majority of instances in the face, 
jaw or neck where 60 per cent of the lesions appear. The next most fre- 
quent site of infection is in the abdominal cavity, particularly in relation 
to the caecum or appendix or the adjacent abdominal wall where about 
20 per cent of the patients have their primary focus. The next most 
important region is the bronchial tree, the pulmonary tissue, the pleura 
and the chest wall which account for about 15 per cent of the cases. 
This leaves a residual of about 5 per cent where the disease is limited 
to the skin or other viscera. 


1 Presented at the Medical Clinic held at the Peter Bent Brigham Hospital at the 35th 
annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 28, 
1939. 

2 From the Surgical Service of the Peter Bent Brigham Hospital, Boston, Massachusetts. 
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The causal relationship of the human affliction to that found in cows 
s poorly understood. The high incidence of head and neck involvement 
n man and in the grazing animal at once suggests that the organism is 
lirectly taken into the mouth or pharynx by contact with grasses, straw 
yr other infected vegetable matter. Rather against this theory, however, 
is the fact that many patients have had only the slightest contact with 
cattle or infected material, and, indeed, some of these individuals have 
not visited rural districts for many years prior to the onset of their illness. 
In contrast to this direct transmission from contaminated grains or 
grasses to humans, there are some authorities who believe that the 
organism is endemic and is frequently found in normal human tissues. 
Infection then takes place only if the mucous membrane of the mouth, 
pharynx, bronchial tree or intestinal tract becomes injured or devitalized 
and thus permits entrance of the organism into the host. It is common 
experience among pathologists that colonies of fungi closely simulating 
actinomyces may be often seen in tonsilar crypts unattended by leuco- 
cytic reaction. This is highly suggestive that the organism is widely 
found in human beings, but that in only rare instances does it penetrate 
the deeper tissues and excite an inflammatory lesion. There are some 
who believe that these sporadic organisms which are found in otherwise 
normal tonsils have somewhat different cultural characteristics from 
the Actinomyces bovis, and hence we must suspend judgment regarding 
the endemic theory of infection. 

Pathological findings: The granulomatous lesion brought about by the 
Actinomyces bovis has several rather typical features. The organism 
produces a colony with a central, dense mesh-work of gram positive 
mycelial threads (figure 1) with a peripheral arrangement of radially 
disposed gram negative club-shaped rods (figure 2). This large colony 
is surrounded by a zone of liquefied tissue and exudate in which poly- 
morphonuclear leucocytes predominate. At the outer edge of this cellu- 
lar infiltration, lymphocytes and endothelial phagocytes indicate a 
chronic type of reaction. In these areas of destruction there may be 
considerable formation of granulation tissue which accounts for the 
clinical experience that disturbance of the lesion during life may bring 
about copious bleeding. Surrounding such necrotic areas where the 
reaction is most acute, it is characteristic to have wide zones of dense, 
rather avascular connective tissue which form a barrier in a seeming 
attempt to wall off the infection from adjacent normal structures. 

The above enumerated histological findings may be better appreciated 
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«hen the gross lesions are studied. In well advanced cases it is typical 
‘o find extensive production of firm and gritty substance which may at 

rst suggest neoplastic disease (figures 3 and 4). This glistening, white, 

jllagenous tissue when replacing the pleura, diaphragm or the chest 
‘all may be as much as an inch or more in thickness. Studded through 
‘his dense scar are isolated and yellowish areas of necrosis from a few 
iillimetres to 6 to 7 mm. in diameter, which are filled with a plastic 
i sticky material. Within such exudate, small sand-like bodies a frac- 
‘ion of a millimetre in diameter can be identified as the so-called sulphur 
‘rranules. Microscopical examination of these granules shows the typical 
.ctinomycosis colonies, and at once establishes the nature of the disease. 

While actinomycosis may be found in any portion of the lung, it is 
much more common in the central or lower parts in contrast to tuber- 
‘ulosis which is prone to involve the apex. The process usually extends 
directly by local invasion. Beginning around the bronchi, there is pro- 
gression through pulmonary tissue, dissection to the surface of the lung, 
and then involvement of the pleura and obliteration of the pleural space. 
In advanced cases the chest wall may be traversed and an empyema 
necessitatis may discharge purulent fluid externally (figures 5 and 
6). The defense mechanisms which tend to localize the disease like- 
wise apparently aid in its advancement, because the ingestion of the 
fungus by endothelial leucocytes allows the nonmotile organism to be 
carried further into the tissues and into regional organs. This local 
extension, however, is by no means the only method whereby the disease 
spreads. The destruction of tissue obviously opens up vascular channels 
and when blood-stream invasion occurs there is wide transmission to the 
liver, kidney (figure 7), brain (figure 8), and other viscera. 


Fic. 1. Low power photomicrograph of exudate containing colony of the ray fungus, 
Actinomyces bovis. The central, dense portion of the colony is composed of gram positive 
mycelial threads; the peripheral club-shaped organisms are gram negative. 

Fic. 2. High power photomicrograph showing edge of actinomyces colony and detail of 
club-shaped forms. (Figs. 1 and 2 from Edwards, Am. J. Dis. Child.) 

Fic. 3. Coronal section of specimen with actinomycosis of the right lung, involving the 
pleura, with destruction of the diaphragm and extension into the subdiaphragmatic space and 
liver. 

Fic. 4. Higher magnification of coronal section from same specimen as fig. 3, showing 
dense white scar tissue (S) replacing lung tissue, visceral pleura, and diaphragm; isolated 
abscesses (A) filled with necrotic material; (D) remnants of diaphragm. 

Fic. 5. Actinomycotic abscess of chest wall beneath breast, resulting from empyema 
necessitatis. Same patient as figs. 12 and 13. 

Fic. 6. Same as fig. 5 with actinomycotic abscess of breast and axilla. 
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Symptoms: These individuals usually present symptoms indicating a 
disease of marked chronicity. Cough is often a disturbing factor and 
in some cases there may be small, repeated haemoptyses. Malaise, 
fatigue, low grade fever and weight loss are common. The extension 
to the lung surface readily explains the chest pain which is so frequently 
complained of. If the pleural cavity is invaded in such a way that 
empyema develops, a higher fever, dyspnoea and severe chest pain are 
the rule. At times the presenting complaint is related to an insignificant 
appearing lesion of the thoracic skin, which may be slightly elevated and 
reddened or which may have discharged small amounts of purulent and 


Fic. 7 
Fic. 7. Actinomycotic abscess of kidney, metastasis from a primary infection of lung. 
Fic. 8. Actinomycotic abscess of the cerebellum, secondary to a primary infection of the 
lung. 


haemorrhagic exudate. In such cases previous involvement of bronchi, 
pulmonary tissue and pleura may have given minimal symptoms which 
only a thorough questioning will bring forth. In occasional cases the 
primary complaints are not referred to the chest at all, but are indicative 
of involvement of distant organs following a blood-borne infection. We 
have seen this in one individual who had widely spread cutaneous lesions 
over the abdomen and extremities, but autopsy examination revealed 
that the infection had originated from the left lung. In another patient, 
all of the complaints were referable to an expanding intracranial process 
which was subsequently proved to be an actinomycotic cerebellar abscess 
(figure 8). However, postmortem examination showed an extensive 
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pulmonary and pleural disease regarding which there was no hint in 
the routine history. Even on subsequent questioning of the family after 
the patient’s death, there were no elicitable symptoms referable to the 
pulmonary infection. 

X-ray findings: There is nothing in the X-ray picture from which a 
positive diagnosis can be made. However, there are several features 
which, when combined with a history of long-standing complaints, are 
suggestive of actinomycotic infection. Occasionally there are perihilar, 
radially distributed striate markings without evidence of calcification 
(figure 9). More frequently, opacity is seen in the lower third or half 
of the lung (figure 10). In mild cases this may amount to little more 
than an accentuation of the bronchial structures, but by the time most 
individuals have reached the physician there is diffuse clouding with 
considerable or complete obscuration of the lung detail. With advanced 
lesions there is almost always evidence of extension upward along the 
surface of the lung so that pleural thickening may be found as high as 
the axilla. In two cases we have observed osteomyelitis of several ribs 
(figure 11). The combination of lung infection, pleural thickening, and 
osteomyelitis of the ribs is at once highly suggestive of actinomycosis. 
In some instances a massive empyema produces a complete opacity of 
the entire lung field on the involved side (figure 12), and there may be 
little clue to the underlying process until this chest fluid has been removed 
and reéxamination is performed. 

Treatment: The inconclusive results following the use of copper sul- 
phate, colloidal gold, colloidal copper, autogenous vaccines and non- 
specific protein therapy have gradually led to their abandonment as 
therapeutic agents. The four things which now are generally adopted 
for the treatment of actinomycosis are iodine therapy, thymol adminis- 
tration, X-ray irradiation and surgery. 

While many authors have given enthusiastic support to the use of 
Lugol’s solution or other forms of iodine medication, the results obtained 
with the use of this drug have been somewhat disappointing. Iodine 
was first introduced for treatment in human cases because of the confu- 
sion which arose regarding the identity of human actinomycosis with 
lumpy jaw and woody tongue of cattle. Iodine has been found to be a 
specific agent for the treatment of actinobacillosis or woody tongue of 
animals whereas it has relatively little effect on lumpy jaw of cattle. 
It is true that iodides appear to have some beneficial effect on all granulo- 
matous lesions, but the fact remains that iodine does not have as high a 
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therapeutic value as was once accorded it in the treatment of actino- 
mycosis in man. In all seven of our pleural or pulmonary cases we have 
administered the drug, raising the dose as high as 350 to 400 drops of 
potassium iodide three times a day without any strikingly beneficial 
effects. However, in spite of these failures this method of therapy 
should always be tried but should not be pushed to the point where it 
interferes with the appetite and thereby reduces the patient’s ingestion 
of food and leads to weight loss. Probably one of the most effective 
ways of administering iodide is to give fresh tincture of iodine in milk. 

The use of thymol has been accorded some merit as a fungicide. 
Accordingly, there is justification on theoretical and empirical grounds 
for its use in actinomycotic infection. It may be administered orally 
in capsules, giving as much as 2 grams three or four times a week for its 
general systemic effects. In addition it may be used for the dressing of 
open wounds by applying a 10 per cent solution of thymol in olive oil. 

Roentgen therapy has been found to be of definite value in many acute 
and chronic inflammations, and this may be extended to include the 
disease we are discussing. However, most of the cases reported to have 
been improved by this treatment were of the cervicofacial types which 
carry a much better prognosis than does the thoracic form which is 
usually fatal. The relative innocuousness of the procedure and the pos- 
sible benefits of X-ray irradiation make a therapeutic attempt worth 
while. 

Surgery has been one of the most effective methods of combating 
actinomycosis of the face or neck. The treatment here consists of 
curettage of the sinus tracts or radical removal of obviously diseased 
tissue. Those operators who have meticulously employed these methods 
and have carefully evaluated their work have been highly enthusiastic 
about the results obtained and in some instances have used this alone 


Fic. 9. Roentgenogram of hilar type of infection of the lung in a case of proved actino-~ 
mycosis. 

Fic. 10. Actinomycotic infection of right lower lobe in a man forty-four years of age. 

Fic. 11. Same patient as fig. 10, one year later. Pulmonary disease has slightly cleared, 
but there is now osteomyelitis of ribs as indicated by arrows. (Tenth rib and a portion of 
eleventh rib have been removed because of osteomyelitis.) 

Fic. 12. Actinomycosis of right pleura with massive empyema. 

Fic. 13. Same as fig. 12, after removal of pleural fluid, showing primary involvement of 
lower portion of lung. 

Fic. 14. Roentgenogram of Wangensteen’s patient, from Annals of Surgery, showing 
diffuse involvement of lower portion of left lung by inflammatory process. 
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in preference to all other forms of therapy. While radical surgery can 
be employed to great advantage when the lesions are superficial and 
available, as in the cervical or facial forms, the results of the same 
methods when applied to thoracic lesions will obviously not be as good 
because of the inaccessibility of the disease. However, the favorable 
results obtained in the neck cases strongly indicate that surgery offers 
about the only ray of hope for treatment of the highly fatal pulmonary 
form of the disease. 


Fic. 15. Photograph of Wangensteen’s patient, three and one-half years after fig. 14, and 
following radical surgical excision of actinomycotic lesion of lung and chest wall. No evidence 
of actinomycosis had been found in last eighteen months on three hospital admissions. 
Patient died, however, of a brain abscess four months after above photograph was taken; 
whether this abscess was actinomycotic in nature was not known. 


| With the development of thoracic surgery to its present level of 
attainments, it is probable that extensive exenteration of the diseased 
tissue, with wide removal of involved parts, deserves a more extensive 
trial than has been heretofore reported. Excision of thoracic cutaneous 
lesions, with removal of diseased ribs, extending the dissection to cut 
away abscessed tissues of the muscular chest wall and pleura, leaving 
the exposed lung to granulate would probably save some individuals 
who heretofore have been doomed to die. Should the actinomycotic 
process involve a considerable part of the lung there is little limit to the 
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amount of pulmonary tissue which can be removed in multiple stages by 
a cautery pneumonectomy. The deformities brought about by such 
operative procedures would be extensive and mutilating (figure 15) but 
not necessarily incapacitating. Such treatment would require the 
boldest attempts, but yet these appear to be fully justified when we 
reflect that there is a mortality of over 95 per cent when other methods 
of therapy have been tried. 


CONCLUSION 


Our theme should be early recognition of these unusual cases in order 
that they might be treated by extensive surgical means supplemented 
by X-ray irradiation and thymol therapy before the disease has pro- 
gressed beyond accessible regions. While we are not able to report any 
permanent cures by the employment of such methods, the prolongation 
of life in several cases with half-hearted surgical attack now encourages 
us to extend these efforts and employ more fully this weapon which 
appears to offer more hope than any other in combating this malady. 


BIBLIOGRAPHY 


(1) Cotter, F. A., AND Aprg, G. C.: Actinomycosis in man, J. Michigan M. Soc., 1924, 
23, 367. 
(2) Corr, Z.: Actinomycosis, Oxford University Press, London, 1938, pp. 141-151. 
(3) Epwarps, A. C.: Actinomycosis in children, Am. J. Dis. Child., 1931, 4/, 1419. 
(4) Joyce, T. M.: Thymol therapy in actinomycosis, Ann. Surg., 1938, 108, 910. 
(5) Lorp, F. T.: The etiology, pathogenesis, and diagnosis of actinomycosis, M. Clin. 
North America, 1933, 16, 829. 
(6) Myers, H. B.: Thymol therapy in actinomycosis, J. A. M. A., 1937, 108, 1875. 
(7) Smaru, E. G.: Roentgen therapy of actinomycosis, Am. J. Roentgenol., 1934, 31, 823. 
(8) StTEwART-HarRISON, R.: The radiation treatment of actinomycosis, Brit. J. Radiol., 
1934, 7, 98. 
(9) WANGENSTEEN, O. H.: Actinomycosis of the thorax with report of a case successfully 
operated upon, J. Thoracic Surg., 1932, 1, 612. 
(10) WANGENSTEEN, O. H.: The role of surgery in the treatment of actinomycosis, Ann. Surg., 
1936, 104, 752. 
(11) Wricut, J. H.: The biology of the micro-organism of actinomycosis, J. Med. Research, 
1905, 13, 349. 


= 

Z| 


REORGANIZATION OF THE ANTITUBERCULOSIS 
CAMPAIGN IN SWEDEN 


OTTO L. GLOGAUER! 


There are two reasons why an account of the campaign against tuber- 
culosis in Sweden may be of interest in an American journal. In the 
first place, the medico-geographical conditions in both thé United States 
and Sweden are very similar. Both countries comprise areas differing 
widely geographically, ethnologically and climatologically, and are 
inadequately populated in proportion to their size. In the inhabited 
areas of the two countries the density of the population is very unevenly 
distributed. It is possible to distinguish between big towns or cities 
and more or less densely populated, partly intensely industrialized dis- 
tricts with relatively numerous small towns and villages having good 
lines of communication, while there are other large areas with a very 
low density of population, chiefly woodland and desert, within which 
the traffic facilities are limited. 

Another reason why this report should be of interest in the United 
States is to be found in the reorganization, especially in the dispensary 
work, which has been prepared in Sweden for some years past and is 
at present being fully realized. As far as can be judged, it can already 
now be said that when the full effectivity of the reorganization has 
been attained many of the problems presented by a geographically so 
differentiated country as Sweden in its fight against tuberculosis will 
be satisfactorily solved. This organization is uniform and at the same 
time so elastic that it can be adapted to the varying conditions in differ- 
ent parts of the country, and it includes clinical-diagnostic, epidemi- 
ological, economical and social measures. 

The antituberculosis campaign in Sweden as it was carried on up to the 
end of 1937 was not, however, by any means ineffective. Thus from 
1910 to 1935 the tuberculosis mortality fell from 24.9 to 9.2 per 10,000 
inhabitants. In 1935 there existed 232 State-aided dispensaries avail- 
able for the open care. The preventive tuberculosis work was supported 


1 Orupssanatorium, Héér, Sweden. 
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in the field of children’s care by means of boarding institutes for healthy 
children from tuberculous homes, foster-homes and holiday camps. 
For the clinical treatment (closed care) there were private and public 
sanatoria, special sanatoria for children and seaside sanatoria for extra- 
pulmonary tuberculosis. In addition to the public sanatoria there were 
smaller tuberculosis institutions such as country sanatoria, tuberculosis 
“cottage hospitals’ and tuberculosis wards in general hospitals, private 
nursing homes for tuberculous patients and day and night sanatoria. 
In all these institutions there were about 10,200 beds available, an 
adequate number for a population of 6.25 million inhabitants. Chronic 
bacillary cases were taken care of in some of the above-mentioned insti- 
tutions. There were no institutions corresponding to the English “half- 
open” aftercare or the American Pott’s Memorial Hospital. 

The financing of all tuberculosis work was assured. This was done, 
except in the case of purely private sanatoria, by grants from the King 
Oscar II’s Jubilee Fund, by contributions from the Swedish National 
Antituberculosis Association and other organizations such as county 
societies, local societies or municipalities and by private donations. 
The State-aided dispensaries in the cities and rural districts were the 
centre of the whole of the tuberculosis work. The organization of 
these dispensaries varied considerably in different parts of the country. 
The commonest form was the so-called general county type. In this 
system the dispensaries in a county were conducted by a Dispensary 
Board, consisting of medical men and laymen, appointed by the County 
Council. As a rule the head physician of the County Sanatorium was 
the president or secretary of the Board. The dispensary doctor, how- 
ever, was not a specialist, but mostly the medical officer of the district. 

Of the other forms of organization only two need be mentioned here, 
as they have been retained in the reorganization. In the type in use 
in the County of Halland all the dispensaries in the county are managed 
by one doctor, who is a lung specialist and in rotation attends the dis- 
pensary in the capital of the county and the other dispensaries in the 
district. In the form of organization put into practice in the County 
of Alfsborg the district dispensaries were likewise under the supervision 
of a Dispensary Board, but the dispensaries were attached to three 
sanatoria, the chief physicians at the same time acting as dispensary 
doctors. Thus both forms of organization provided qualified dispensary 
service to a number of small communities which would otherwise have 
been unable to manage it separately. 
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In spite of local differences the work of the dispensaries was also to 
a certain extent uniform. In 1933 Hedvall summarized this work as 
follows: 


1: Diagnosing new cases of tuberculosis and detecting the source of infection 
2: Arranging the correct treatment for the patients by having them removed 
to suitable institutions 

3: Preventing the occurrence of new cases of tuberculosis 

(a) by isolating the source of infection from the healthy surroundings or sepa- 
rating the most sensitive members of the family (the children) from intercourse 
with infectious individuals 

(b) by enhancing the power of resistance of the family (improved social 
conditions) 

(c) by improving the sanitation of the home 

4: Giving economical assistance 


This system may be characterized as a variation of the Philip’s or 
Edinburgh system. Its main feature is the pivotal position of the 
dispensary in the whole of the antituberculosis activity. As in so many 
other countries, this type of dispensary, however, developed “unsys- 
tematically,”’ as I have already pointed out in a previous paper, but 
worked on the whole quite satisfactorily. 

If in spite of this a reorganization seemed to be necessary, especially 
in the work of the dispensaries, the cause must be looked for in another 
direction. As pointed out by the author in an earlier work, radical 
changes in the so-called open tuberculosis work are as a rule the result 
of requirements based on new conceptions of the pathogenesis and clinic 
of tuberculosis. That was also the case when surgical treatment of 
pulmonary tuberculosis was found to require an intervention at a much 
earlier stage than was formerly considered necessary in the clinical 
treatment of tuberculosis. Dispensary work was influenced to a still 
greater extent by the infiltrations described by Assmann and other 
authors and considered by many later investigators to play such an 
important part in the origin of progressive tuberculosis. This at once 
brought X-ray examinations to the foreground, and the practical conse- 
quences for the dispensaries, of which one demands in the first place an 
early diagnosis, were far-reaching in so far as their technique of examina- 
tion was concerned. This is also evident in the report and the recom- 
mendations made in 1935 by the Swedish Royal Medical Board regarding 
the activity of State-aided dispensaries. Among other things, this 
report states that: “It appears that the capacity of the dispensaries to 
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detect infection should be greatly increased. For this purpose two 
methods should above all be employed, viz. examinations of families 
and mass or group examinations.” In a critical review of the work of 
dispensaries the report says: “Examinations of families occur, it is 
true, even now, but apparently by no means to a sufficient extent and 
less frequently with X-rays. Examinations of the entire family, when 
a case of tuberculosis has been detected, should therefore absolutely 
form part of the function of the dispensary.... The possibility of 
making an early diagnosis of tuberculosis, thanks especially to the 
improvement in radiological technique, has increased to a previously 
inconceivable degree.... This early diagnosis, which is of course of 
the very greatest importance for a successful treatment, must certainly 
in future be almost entirely entrusted to technically fully equipped 
specialists. This involves a step which will increase the capacity of the 
dispensary in a fundamental sphere of its work.” 

As is apparent from these words, one of the reasons for a reorganiza- 
tion of the dispensary system is the need of being able, with the aid of a 
limited number of specialists, X-ray apparatus and other technical aids, 
to examine large groups of population in towns as well as in the country, 
and that in spite of the numerous existing geographical difficulties. But 
as the examination of surroundings and of groups of inhabitants has 
become an integral part of the duty of dispensaries in all civil states, 
this change in the foundation of the ‘‘field work” needs not to be dis- 
cussed here. 

The other reason for the reorganization of the antituberculosis work 
in Sweden is found in the consequences that must inevitably be drawn 
from the new experiences gained in the epidemiology of tuberculosis. 
In this field great, perhaps decisive, contributions have been made by 
Scandinavian and American workers, the results of whose investigations 
show close agreement. The experiences on which the intensification of 
the antituberculosis activity is based may be summarized as follows: 

(1) A great part of the population in both town and country is tuber- 
culin-negative in early adult age. Primary infection in early adult 
age is not at all rare. It occurs not infrequently in individuals who 
move into towns from the country, where they lived in comparative 
isolation, and are compelled in the performance of their duties to come 
into close contact for long periods with large numbers of people (as for 
instance, pupils, students, conscripts, staff of assistants at large institu- 
tions, especially hospitals, sanatoria and industrial undertakings). 
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Not infrequently a progressive pulmonary tuberculosis arises from a 
late primary infection. 

(2) Tuberculosis is contagious even in a very early stage, when no 
clinical and only such slight radiological changes are demonstrable as 
were formerly frequently regarded as a nonprogressive process. These 
changes, which two Swedish authors Malmros and Hedvall call “initial 
foci,” and which may be considered as the first clinical signs of beginning 
malignant tuberculosis in adults, very often precede those round in- 
filtrations formerly considered, especially by German authors, to be the 
earliest changes. An early symptom of a fresh primary tuberculous 
infection is the appearance of erythema nodosum, which is a, very frequent 
disease in Sweden. 

(3) In the southernmost part of Sweden infection with the bovine 
bacillus plays a not insignificant réle in the occurrence of pulmonary 
tuberculosis in man. The technique of typing the bacteria has advanced 
to such an extent that it can be employed much more extensively and 
may thus be an aid in discovering the source of infection. 

The reorganization of the Swedish antituberculosis work, based on 
these experiences, has been furthered by Dr. Gustaf Neander, Secretary 
of the National Antituberculosis Association, in a determined way, and 
its performance after an extensive preliminary investigative work is 
to be owed especially to his personality. Through measures as simple 
as effective it happened to retain the structure of the hitherto existing 
scheme. The Edinburgh system has been preserved, but a new stage 
has been linked to this system in between the open and the closed care, 
which belongs to the open care and at present forms the centre for all 
tuberculosis work in its district. 

The diagrammatic figures 1 and 2 show that several of the old dis- 
pensaries, which were formerly centres in the campaign against tuber- 
culosis, have now been brought under the control of a new centre, called 
“Central Dispensary.”’ 

At present there are in Sweden two kinds of dispensaries: (/) Central 
Dispensaries (C. D.), and (2) District Dispensaries. Of the latter there 
are two types. The main difference between these two types is that 
in one of them, which operates in areas where the tuberculosis death 
rate is above the average, there is a specially trained dispensary nurse, 
while in the other the practical tuberculosis work is performed by the 
district nurse. At both types of dispensaries the dispensary doctor 
is the medical officer of the district. A Central Dispensary has several 
such district dispensaries under it. 
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The duties of the C. D. in the clinical field are: to make reports on 
persons sent from the local dispensaries and by medical practitioners 
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Fic. 1. Diagrammatic drawing showing the work of the dispensaries in Sweden before 
the reorganization (according to Hedvall, 1933). 

Key to figs. 1 & 2. 1 = district dispensary; 2 = county sanatorium; 3 = tuberculosis 
wards in general hospitals; 4 = smaller district sanatorium; 5 = tuberculosis cottage hos- 
pitals; 6 = lupus sanatorium; 7 = lung sanatorium for children; 8 = seaside sanatorium for 
extrapulmonary tuberculosis; 9 = homes; 10 = colonies for children suffering of glandular 
tuberculosis; 11 = boarding institutes for healthy children and 12 for infants from tubercu- 
lous homes; 13 = children’s wards in general hospitals; 14 = day and summer sanatoria; 
15 = private nursing homes for tuberculous patients; 16 = old age and pensionaries’ homes; 
18 = holiday camps; 19 = controlled tuberculous families; 20 = persons recently fallen sick 
of tuberculosis. 


after the performance of all special examinations required in each in- 
dividual case and to arrange the removal of patients to suitable insti- 
tutions. Advice and instructions are also given to the doctors sending 
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in the patients. In addition to the patients sent by the local dispensaries 
and doctors, the C. D. also examines persons who have been summoned 
to attend for some reason or other (especially in endeavors to trace a 
source of infection). The head of the C. D. is a lung specialist, qualified 
for the post of head of a sanatorium, generally the head of a county 
sanatorium. The C. D. is equipped with all modern diagnostic ap- 
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Fic. 2. Diagrammatic drawing showing the work of the dispensaries in Sweden after 
the reorganization (1939). 


pliances for clinical, radiological, bacteriological and serological ex- 
aminations. Of the Central Dispensaries to be established in Sweden, 
29 are to be attached to institutions, and only 7 are to be “independent.” 
In that way they have generally a number of beds available for the 
clinical observation of diagnostically unclear cases for short periods. 
The central position of the C. D. is still more prominent in the epi- 
demilogical sphere than in the clinical-diagnostic field. It forms a kind 


Gotu 
Vili 


ANTITUBERCULOSIS WORK IN SWEDEN 375 


of headquarters in the fight against tuberculosis. Thanks to the new 
Swedish tuberculosis bill which has come into force this year, notification 
of all cases of tuberculosis, whether infectious or not, and even of sus- 
pected cases of tuberculous infection, is compulsory; thus the C. D. will 
have a record of all cases of tuberculosis in its district. According to 
the new regulations, notification is to be made by the practitioner to 
the District Medical Officer who manages the local dispensary. The 
latter is obliged to report all notifications he receives to the C.D. This 
also applies to all deaths from tuberculosis. Similarly, the C. D. is to 
be notified of all social and hygienic conditions which may cause the 
spread of tuberculous infection. The C. D. has the power to carry 
out or at least initiate measures to eliminate such conditions. Ac- 
cording to his instructions, the head of the C. D. has the power to “carry 
out mass or group examinations at schools, factories, etc. within the 
district, and aid in spreading information concerning the nature of 
tuberculous diseases and of the protective measures against them.” 
Thus his position corresponds to a certain extent to that of the “‘Tuber- 
culosis Officer.” 

While the C. D. is empowered and obliged on the one hand to carry 
out mass and group examinations and to undertake all necessary social 
and hygienic measures against tuberculosis, it has on the other hand 
been relieved of the burden of the every-day “field work.” As only 
patients sent in or summoned to attend are examined, the practical 
work of the C. D. is concentrated on the active detection work. 

A short description of the every-day work done in a big C. D. gives a 
good impression of its capacity. Therefore some aspects of the practical 
work at the C. D. at Lund may be mentioned. 

This C. D. is attached to the University Lung Clinic in Lund (head, 
E. Hedvall, M.D.). The area served by this dispensary consists of a 
densely, partly industrialized, but to a great extent still rural district 
in the Province of Skane in South Sweden. The population of the 
district amounts to about 300,000 inhabitants. 

A careful study is made of the patient’s anamnestic history—most of 
the particulars are generally supplied by the doctor or local dispensary 
who sends in the patient. Special attention is directed to the milk 
supplied to the family. As bovine tuberculosis is much more frequent 
in Skane than in other parts of this country, and as determinations of 
the type of bacillus have shown that the frequency of bovine tuber- 
culosis in man is relatively high, the possibility of such an infection 
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must always be borne in mind when no human source of infection can 
be established. There is close codperation between the tuberculosis 
veterinary and the C. D., and it is remarkable how often patients from 
rural districts are able to state whether they are supplied with milk 
from tuberculin-negative herds. The examination comprises a thorough 
clinical examination and fluoroscopy of every patient and extensive 
radiography (special series of films at different angles, especially of all 
pathological changes). Tuberculin tests are repeated in all negative 
reactors by means of titrated intracutaneous tests. The sputum ex- 
aminations consist also of cultivation on Léwenstein’s medium and 
guinea pig inoculations and determinations of the type of bacillus. The 
final report of the result of examination is not as a rule communicated 
direct to the patient but to the dispensary or the practitioner by whom 
the patient was sent in. The control of all cases of tuberculosis in the 
district is effected by means of a central register, which the C. D. is 
obliged to keep up to date as prescribed by the new tuberculosis bill. 
When a new case of tuberculosis is discovered, the circle of “‘contacts” 
to be examined is drawn so wide that very frequently the source of 
infection is detected in extrafamilial surroundings. A number of reports 
of mass and group examinations has been performed on different cate- 
gories of the population by the C. D. In this connection we may men- 
tion the investigations of the beginning of pulmonary tuberculosis by 
Malmros and Hedvall. Although the authors had quite a different 
object in view they nevertheless demonstrate the importance of ex- 
aminations in series in detecting cases of primary tuberculosis. Primary 
infections in young adults are not rare in Sweden. As shown by these 
investigations, they do not always terminate with a primary focus, but 
develop not infrequently into a progressive and ulcerous phthisis. In 
this connection diagnosis by means of tuberculin tests is of great im- 
portance, although perhaps in a different sense from formerly, especially 
if repeated, titrated tuberculin tests are made. It is quite natural 
that in this way primary infection in persons exposed to tuberculous 
contagion can be detected much earlier than by means of X-ray examina- 
tions alone. The “‘initial foci” mentioned above are frequently the 
first radiological signs of a fresh tuberculous infection. They will not 
be discussed here. It may only be mentioned here that their demonstra- 
tion constitutes a great advance in the early diagnosis of tuberculosis 
as compared with the so-called Assmann’s foci. The C. D. with its 
great diagnostic facilities is a centre for such special roentgenological 
examinations. 
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The great importance of the district or local dispensaries in the cam- 
paign against tuberculosis has nevertheless not diminished. Their 
task is, besides all field work, to select those persons who require special 
examination. In the code of instructions to the dispensary doctors 
at the local dispensaries it is prescribed that ‘‘tuberculin tests should 
be made on all persons whose anamnestic history or physical examination, 
along with examination of sputum, does not show unquestionable evi- 
dence of previous tuberculous infection. The positive reactors are to 
be sent to the C. D., all information that may be of importance in form- 
ing an opinion of the case should be furnished in writing.”’ According 
to another direction, those who give a negative reaction at the first 
tuberculin test should after some time, say three months, be subjected 
to a new tuberculin test. Persons who have in the interval become 
positive reactors should be sent to the C. D. The district dispensary 
is also obliged to keep a record of all cases of tuberculosis in the district, 
also deaths, and the removal of all tuberculous persons from the district. 

As far as I am aware, compulsory tuberculin control tests do not 
exist in any other European country. Such tests are exceedingly suitable 
for a thinly populated country in which a regular radiographic control 
can hardly be carried out owing to the long distances the patients have 
to travel to the C. D. The tuberculin control tests can be performed 
at any local dispensary and by any medical practitioner. In the majority 
of cases the head of the district dispensary is not a lung specialist, being 
usually the District Medical Officer. After the reorganization the 
district dispensaries have been relieved of some of their responsibility 
in the active tracing work. Besides, a District Medical Officer of Health 
has so many other important duties to attend to that he has hardly any 
time for extensive tuberculosis examinations. 

The new dispensary system has not been carried into effect in the 
large towns and cities in Sweden, which are themselves responsible for 
their dispensary activity, or in the provinces of Halland and Alfsborg, 
where there is a travelling dispensary covering the entire district under 
the supervision of a lung specialist. The reorganization was commenced 
on January 1, 1938, and in the course of last year was successively brought 
into effect in the greater part of the country. The scheme will be ex- 
tended by the establishment of several independent Central Dispensaries. 
It is perhaps a little premature to enter upon a critical examination of 
the antituberculosis work in Sweden in its present stage, for in many 
parts of the country the periods of observation are as yet too short 
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to permit definite conclusions being drawn, and the new organization 
has not yet attained its greatest effectiveness anywhere. Still certain 
advantages and certain disadvantages of the system have already come 
to light and further improvements have been suggested. 

In my opinion, one of the drawbacks is the attaching of some of the 
Central Dispensaries to the County Sanatoria, for a number of these 
institutions are situated far away from the railway centres and large 
towns and can only be reached by long and relatively toilsome journeys. 
This increases the cost of maintaining the dispensary considerably, as 
poor patients have their travelling expenses defrayed. ‘Another diffi- 
culty is that persons who feel in good health will not regularly attend 
the dispensaries. It may also happen that the sanatorium doctor is so 
occupied with or only interested in the clinical work that he does not 
appreciate sufficiently the important réle played by nonmedical factors 
in the epidemiology of tuberculosis. On the other hand, it may be of 
great advantage to the sanatorium doctor to be able to follow up his 
patients also after the sanatorium care proper. On account of these 
difficulties some “assistant” sanatorium doctors have been appointed 
to supervise some of the Central Dispensaries attached to sanatoria. 
Perhaps more independent Central Dispensaries will be established 
than was at first contemplated. 

Certain difficulties are also encountered in the peripheral parts of 
the dispensary network, as the first examinations are even now made 
by doctors who are not lung specialists. But, thanks to the qualified 
assistance they are now able to obtain through the C. D., this difficulty 
seems to have been eliminated. 

A serious gap in the system is that the new form of organization does 
not make any provision for such an important part of tuberculosis work 
as the after-care. Apart from a few solitary attempts to provide special 
dwellings for tuberculous patients there is so far no systematic open or 
half-open after-care in Sweden. This gap, however, will be filled before 
long. In an investigation as to improved after-care quite recently 
completed, the Swedish National Anti-Tuberculosis Association has 
propounded schemes to a half-open and open after-care, based on the 
experiences gathered at similar institutions abroad. Of the far-reach- 
ing projects that are sure to be realized in a not far-distant future only 
the most important points will be mentioned here. 

For patients who after the sanatorium care will need a long ambu- 
latory treatment, and who are either not considered fit for continuing 
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their former occupation or have not yet started or finished their pro- 
fessional training, a ‘‘craft-school sanatorium”’ will be established. For 
a limited period—for two years on an average—the tuberculous patients 
may here receive efficient training in one of eleven trades which are con- 
sidered particularly suitable for such patients, and all the while they 
will be under necessary medical supervision and after-care. 

For chronic cases with a reduced capacity for work, so-called “‘after- 
care homes” are planned, and for those with less reduced capacity for 
work so-called ‘“‘workshop homes,” which in principle are organized 
according to the Papworth Village Settlement in England, even if the 
number of trades will be limited to a maximum of two or three. These 
homes will be attached to a sanatorium, and they are supposed to be 
self-supporting, yet during the first working years to be supported by 
public means. 

Moreover, through collective agreement between employers and 
workers, possibilities for work should be procured to a greater extent 
than hitherto on the open labor market for people whose capacity for 
work is reduced as a result of tuberculosis. To conclude, certain meas- 
ures are taken in order to provide better dwellings for those tuberculous 
patients who are in need of them. When this reform has been made 
Sweden will be foremost among all European countries as regards the 
effective direction of antituberculosis work. 


SUMMARY 


In 1938 tuberculosis work in Sweden was reorganized. Several small 
district dispensaries, which are sometimes inadequately equipped, have 
been brought under the control of one Central Dispensary. This C. D. 
is either an independent institution or attached to some tuberculosis 
sanatorium or clinic, and is equipped with all modern diagnostic aids. 
It is under the supervision of a lung specialist and, thanks to the pro- 
visions of the new Swedish tuberculosis bill, is in a position to conduct 
the campaign against tuberculosis with greatest efficacy. In the new 
organization special attention is paid to the tracing of new cases of 
infection. Large-scale systematic examinations are undertaken, in- 
cluding repeated, titrated, intracutaneous tuberculin tests and thorough 
radiological examinations, which frequently reveal the presence of small 
cloud-like spots (“initial foci’), which are the first detectable symptoms 
of a progressive pulmonary tuberculosis, especially after a primary in- 
fection in adult age. By means of determination of the type of bacillus 
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it is possible to follow the bovine infection in man. The C. D. forms 
not only a diagnostic centre but is also a centre of social hygiene and 
organization in all tuberculosis work in the district. Further improve- 
ments (a craft-school sanatorium, after-care homes and workshop homes 
for ex-patients) and certain measures in the open care are planned, 
and after this reform Sweden will have the most modern and effective 
organization in the campaign against tuberculosis in Europe. 
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UNRECOGNIZED TUBERCULOSIS IN GENERAL 
HOSPITALS! 


ROBERT E. PLUNKETT anp EDWARD X. MIKOL 


Because of the existence of tuberculosis in some of the patients who 
are admitted to general hospitals for other conditions, they constitute 
a population group of considerable importance in the epidemiology of 
tuberculosis. While to the individual patient early diagnosis is im- 
portant, the significance of this to the hospital personnel, the family 
and the community deserves emphasis. Although X-ray films will 
discover these cases, nevertheless, the X-ray has not been as commonly 
used as the need would indicate for the diagnosis of not only tubercu- 
losis but also other diseases of the chest. 

In order to determine the size of this problem, a study was made of 
4,853 adult admissions to fourteen general hospitals in ten cities of 
upstate New York in 1937 and 1938. The study was suggested in part 
by the fact that about 10 per cent of the total deaths from tuberculosis 
in upstate New York during 1936 and 1937 occurred in general hos- 
pitals which have no special provisions for the care of tuberculosis 
patients (1). Seventy-four per cent of these tuberculosis deaths were 
due to the pulmonary form, and 61 per cent of these pulmonary cases 
were not reported as such until after death. As pointed out by Pleyte 
and Holand (2), who reported that 18 per cent of the tuberculosis deaths 
in Wisconsin in 1933 occurred in general hospitals, many of these 
terminal cases were admitted and treated for nontuberculous conditions, 
with the correct diagnosis not made until some time after admission. 
Badger and Spink (3) reported that at the Boston City Hospital, which 
does not have a tuberculosis ward, during the five-year period from 
1930 to 1934 an annual average of 634 tuberculous patients was ad- 
mitted to the general wards and that this number utilized an average 
of 13,654 hospital days per year before they were transferred to tu- 
berculosis hospitals. 


1 Presented at the annual meeting of the American Sanatorium Association, Boston, 


Massachusetts, June 26, 1939. 
2 From the New York State Department of Health, Division of Tuberculosis, Albany, 


New York. 
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The chief significance of such situations lies in the danger of trans- 
mission of tuberculous infection to other patients and particularly to 
the nursing and medical staffs. During the past several years there 
have been numerous investigations which show that this undeniable 
hazard exists in many general hospitals and that such infection of 
nurses and others does occur. These show that the incidence of 
tuberculosis among nurses is several times higher than that among 
females of the same age group in other occupations, and that the 
incidence of tuberculous infection, as determined by means of the tu- 
berculin test, increases with each year of service. To quote from a 
recent paper by Soper and Amberson (4), “‘Tuberculin studies almost 
without exception indicate an accretion of infection year by year quite 
out of proportion to the general population. This is found to be most 
marked where student nurses are in contact with known cases of tu- 
berculosis as a part of their training. To a lesser degree it is found in 
hospitals where tuberculosis is not knowingly admitted.” 

In view of the existing knowledge concerning infection of hospital 
personnel, it seemed desirable to secure precise data which would de- 
fine the extent of opportunity for infection through the existence of 
unsuspected cases of tuberculosis among general hospital admissions. 
It was believed that such a study would serve to bring this problem 
more forcefully to the attention of the hospital administrators and 
medical staffs, and, in view of the current attempts to promote the use 
of general hospitals for the treatment of tuberculosis, it has acquired 
increased importance. 

Previous studies of a similar nature, but on a smaller scale, have been 
reported. Mills and Stewart (5), in 1932, performed tuberculin tests 
on 353 patients at the Swedish Hospital in Minneapolis and made 
chest X-ray films of 67 positive reactors. Among the latter, 5, or 
1.4 per cent of the total tested, were found to have reinfection type 
tuberculosis. During the month in which this survey was conducted 
a few cases of advanced tuberculosis were admitted to the hospital, 
correctly diagnosed on entry, and were not included in the survey. 

In 1935, F. J. Hodges (6) of the University of Michigan conducted a 
chest X-ray survey of 1,101 patients admitted consecutively either to 
the University Hospital or to its out-patient clinic during a period of 
fourteen days. ‘“‘Significant chest disease unrecognizable by other 
methods and often totally unexpected on the basis of chief complaint 
and history” was disclosed in 14 patients, or 1.3 per cent of the total. 
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Five patients, or 0.5 per cent of the total, had clinically significant 
pulmonary tuberculosis which would have been undiscovered without 
the X-ray films. 

A similar study was undertaken in 1935 by Pohle, Paul, and Oatway 
(7) at the Wisconsin General Hospital, in which chest X-ray films 
were taken of 1,417 patients admitted during a three months’ period. 
An approximately equal number of patients who, because of history 
or physical signs, would have had chest X-ray films during the regular 
clinical examination, and patients who were too ill for X-ray examina- 
tion, were excluded from the study. About 3 per cent of the total 
number X-rayed showed significant chest diseases which were not 
detected clinically, and 0.3 per cent of the total had active, reinfection 
type tuberculosis. 

The results obtained in these studies of samples of the general hos- 
pital population thus not only indicate that an appreciable number 
of unsuspected cases of tuberculosis may be found there, but also 
demonstrate the value of routine chest X-ray films in disclosing impor- 
tant and often serious intrathoracic disease of nontuberculous origin. 


METHOD OF PROCEDURE 


Each of the studies outlined above included the X-ray examination 
of children, but since it is known that the significant reinfection type 
of pulmonary tuberculosis is relatively uncommon in children, only 
patients fifteen years of age or over were included in our study. 

In order to obtain a more representative cross section of general 
hospital admissions, it was decided to conduct the study in a number of 
cities of varying size. Thus, of the fourteen participating hospitals, 
four were located in cities having a population under 50,000, three in 
cities with a population between 50,000 and 100,000, and the remain- 
ing seven in cities of over 100,000 population. 

The selection of hospitals was made more or less at random, so that 
the entire group was highly diversified from the standpoint of bed capac- 
ity and the economic status of the patients admitted. Two of the 
hospitals are teaching institutions. Each hospital was allotted a cer- 
tain number of X-ray films to be taken, ranging between 250 and 500, 
based roughly upon the total number of admissions during the year 
preceding the study. The patients included in the study represent 9.4 
per cent of the total adult admissions to the participating hospitals 
during 1937. After approval was secured from the superintendent, the 
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X-ray department and the staff of each hospital, the designated number 
of X-ray films was delivered to the hospital, the cost of the films being 
borne by the State Department of Health. 

The X-ray departments were requested to take a single flat film of 
the chest of every patient fifteen years of age or over admitted to the 
hospital, including private patients, but excluding known cases of tu- 
berculosis, patients admitted to a tuberculosis service; out-patients 
and those too acutely ill to be disturbed for the purpose of X-ray ex- 
amination. It was hoped thereby to obtain in each hospital X-ray 
films of a sample of consecutive adult admissions, exclusive of the above 
groups. Due to several unforeseen administrative difficulties, this was 
impossible. However, because there was no particular selection of 
patients except for the reasons mentioned, it is believed that the study 
includes a fairly representative sample of the adult patient population 
of general hospitals. 

A representative of the Division of Tuberculosis visited the hospitals 
periodically during the course of the study to interpret the roentgeno- 
grams. Films which showed significant or questionable lesions were 
brought to the central office of the Division for consultation and group 
interpretation by the Division staff, and later returned to the hospitals, 
which retained possession of all films. 

The assembled data contained information regarding the name of the 
hospital, the film number, the age and sex of the patient, and the service 
to which the patient had been admitted (medical, surgical or obstetrical). 
In addition, where the X-ray revealed either healed or clinically sig- 
nificant reinfection type of tuberculosis, the hospital record was con- 
sulted and the following information obtained: the admission diagnosis 
and the data relating to any previous diagnosis of tuberculosis. 


RESULTS 


Of the 4,853 X-ray films studied, 128, or 2.6 per cent, showed evidence 
of reinfection type of tuberculosis. Of these, 51, or 1.1 per cent of the 
total, presented roentgenological characteristics diagnostic of clinically 
significant lesions, and 6 additional cases showed X-ray changes sugges- 
tive of significant tuberculosis, but could not be definitely diagnosed 
because of having been discharged before further study was possible. 
The remainder of the 128 X-ray films showed apparently healed lesions 
of little or no immediate clinical importance. 

The hospital records of 24 of the 51 clinically significant cases showed 
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that the disease was suspected by the attending staff. In the remaining 
27 cases, or 0.6 per cent of the total group studied, tuberculosis evi- 
dently had not been considered as a possibility, and the survey X-ray 
film revealed the first evidence of the disease. 


TABLE 1 
Summary of general hospital X-ray study 


X-RAY DIAGNOSIS NUMBER 


4,853 


I. Pulmonary tuberculosis 128 
Clinically significant 51 
Suspected on admission 24 

Not suspected on admission 27 
Suspicious X-ray film, not definitely diagnosed. . . 6 

71 


371 


III. Miscellaneous conditions 363 
Pneumonia 183 
Pleural effusion 


Traumatic pneumothorax 
Other conditions 
Undiagnosed disease 


7.5 
3.8 
1.7 
0.4 
0.3 
0.3 
0.2 
0.1 
0.5 
0.1 


oo 


OWN’ 
oan 


IV. No significant disease 3,991 
Postprimary calcification 470 
Thickened pleura 124 
Negative 3,397 


~ 


It is with this latter group of cases that we are here primarily con- 
cerned—the 0.6 per cent whose tuberculosis would probably have re- 
mained unrecognized had it not been for the roentgenogram of the chest. 

Although a detailed analysis of these 27 cases is not justified because 
of the small number, it is worth noting that 5 of them were far advanced, 
12 moderately advanced, and 10 minimal, thus demonstrating again 
the superiority of the X-ray as compared with other diagnostic methods. 
There was no significant difference in the yield obtained on the three 
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types of hospital service (medical, surgical and obstetrical). None of 
the unsuspected cases had ever been previously reported. 

In addition to the cases of tuberculosis discovered in this study, 371, 
or 7.6 per cent of the total patients X-rayed, were found to have cardiac 
or aortic disease, while the X-ray films of another 7.5 per cent showed 
evidence of various miscellaneous pulmonary conditions, such as pneu- 
monia, pleural effusion, bronchiectasis, abscess, tumor, etc. It is esti- 
mated that about one-third of these cardiac and other thoracic con- 
ditions were unsuspected before the X-ray films were taken. (See 
table 1.) 


DISCUSSION AND CONCLUSIONS 


In order to show more clearly the magnitude of the problem of un- 
recognized tuberculosis in general hospitals, we have applied the per- 
centage yield of clinically significant, unsuspected tuberculosis found in 
this study (0.6 per cent) to the adult admissions to general hospitals 
throughout the United States for the year 1937. Provided that similar 
conditions prevailed in the other hospitals of the country, it is estimated 
that there were more than 40,000 unrecognized cases of pulmonary 
tuberculosis hospitalized during that year. 

Several important implications arise out of this situation. First, when 
it is realized that the usual general hospital nursing and prophylactic 
technique falls far short of the requirements in communicable disease 
and tuberculosis hospitals, it becomes apparent that the danger of trans- 
mission of infection to nurses and others is definitely increased by the 
hidden cases. 

Second, the possibility of utilizing the general hospital as an effective 
medium for case-finding in tuberculosis has not in the past been suff- 
ciently explored. The fact that a person is admitted to a general 
hospital for a condition other than tuberculosis should never be accepted 
as a guarantee that such person does not have significant tuberculous 
disease. General hospital admissions constitute a special population 
group which is readily available and accessible for study and handling 
under ideal conditions, whereby the professional personnel and scien- 
tific equipment necessary for diagnosis are directly available. 

Finally, aside from the value of routine X-raying of adult general hos- 
pital admissions in discovering unsuspected cases of tuberculosis, this 
and the other studies previously mentioned have demonstrated the 
desirability and importance of the X-ray in the diagnosis of unsuspected 
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nontuberculous, thoracic conditions. Only about 15 per cent of all 
admissions to the fourteen general hospitals included in this study had 
X-ray films of the chest during 1937, exclusive of the survey films. 
The percentage X-rayed in the different hospitals varied from 4 per 
cent to 40 per cent. In view of the unquestioned value of the X-ray, 
its comparatively low average utilization for chest conditions is regret- 
table. As pointed out by Hodges (6), not only is there increased diag- 
nostic accuracy with routine X-ray films, but also increased diagnostic 
speed. 

When the nontuberculous conditions are added to the tuberculous, 
the problem of thoracic disease is of challenging importance. Diagnos- 
tically, the X-ray is many times essential. To be sure, the X-ray may 
be looked upon as costly, but human economy should be considered as 
important, if not more important than administrative economy. 
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CASE REPORTS 


TUBERCULOUS SPLENOMEGALY' 
A Case with Tuberculous Miliary Dissemination and Tuberculous Meningitis 


OSCAR B. RAGINS 


Tuberculous splenomegaly with large tuberculomata of the spleen of the 
size found in this case is a rather rare occurrence. Boyd (1) states: “In 
general miliary tuberculosis, the spleen is enlarged and studded with tubercles. 
Occasionally, larger caseous masses are scattered throughout the spleen 
causing marked enlargement. The primary lesion in the lung or lymph nodes 
may be so small and quiescent that it is readily overlooked and the condition 
described as primary tuberculosis of the spleen. A large tuberculoma of the 
spleen is of rare occurrence.” 

In a previous clinico-pathological study of 804 cases of various types of 
tuberculosis (2) it was found that the spleen was involved in 22.3 per cent 
of the cases. In generalized miliary tuberculosis the spleen was slightly 
enlarged and studded with tubercles. Occasionally larger caseous nodules 


were found, but large tuberculomata were never observed in the 804 autopsies. 
The case here reported presented also interesting clinical features and a 
diag nostic problem. 


Case Report 


R. H., a 41 year old colored male, entered on my service at the Cook County 
Hospital. He stated that he was well up to about two months before ad- 
mission, when he began to feel weak, lost his appetite, began to have chills, 
fever and sweats and lost forty pounds in weight. He also complained of 
abdominal distention, constipation and flatulence following meals. He has 
had the usual diseases of childhood. His right arm was amputated following 
an accident. 

Physical examination on admission revealed that he was-acutely ill and 
somewhat dyspnoeic. His temperature was 103.6°F.; pulse 108; respiration 
24; blood pressure 90 systolic, 66 diastolic. One right anterior cervical lymph 
node was moderately enlarged. His chest was essentially normal. The 
abdomen was somewhat distended and there was moderate tenderness on 
palpation in the upper half. The liver was palpable at the costal arch. The 


1 From the Medical Service of Dr. O. B. Ragins, Cook County Hospital, Chicago, Illinois. 
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spleen extended about 10 cm. below the left costal arch in the midclavicular 
line. It was firm and tender. 

Haemoglobin was 46 per cent, red cells 2,770,000, white cells 4,500. Differ- 
ential count: neutrophiles 76 per cent, lymphocytes 9 per cent, monocytes 
15 per cent. The Wassermann test was negative, icteric index 4.5. The 
agglutination tests for typhoid and dysentery and the blood culture were 
negative. The X-ray film on admission showed considerable increase in 
hilar markings with slight elevation of the right diaphragm. Another X-ray 
plate taken four weeks later (figure 1) showed more haziness in the upper half 
of the chest with suggestion of right infraclavicular density and miliary 
nodules in the left upper. 

Early in the course of the disease it was difficult to make a definite diagnosis. 
The following conditions were considered: Hodgkin’s disease, malaria, some 
blood dyscrasia and acute miliary tuberculosis with tuberculous splenomegaly. 
The latter was almost immediately suspected and within one week decided 
upon, but solely by exclusion, as the general picture of the case was not that 
of the usual type of acute miliary tuberculosis, especially in view of the unusual 
splenic enlargement. 

On admission to the Hospital there were no definite lung findings on physical 
examination, nor did the first X-ray film show definite pulmonary parenchymal 
involvement. The marked splenic enlargement was the only noticeable 
physical sign other than the persistent high temperature and slight debility. 
For many days no other noteworthy clinical symptom was observed apart 
from the increase in pain in the hepatic and splenic regions. A biopsy of the 
enlarged cervical lymph node showed caseous necrosis of tuberculous nature. 
This finding justified the diagnosis of tuberculous splenomegaly with miliary 
dissemination. This was further entertained and confirmed when two weeks 
before his death he began to show signs of meningeal irritations with spinal 
fluid findings indicative of tuberculous meningitis. The patient expired 
fifty-six days after admission to the Hospital, about four months following 
the onset of his illness. 

The autopsy was performed by Dr. J. D. Kirshbaum. The most note- 
worthy findings were in the spleen, liver, lymph nodes, lungs and meninges. 
The spleen (figure 2) weighed 1,540 g.; it was very firm, the capsule thickened, 
and the surface was studded with pinpoint to 15 mm. slightly elevated nodules. 
There were two large wedge-shaped infarcts 11 cm. and 9 cm. in diameter. 
On sectioning, the parenchyma was deep purple and studded with nodules 
from pinpoint to 3 cm. in diameter. These nodules had advanced to complete 
caseation, thus converting a great part of the spleen into a confluent tuber- 
culous necrotic cheesy mass. Microscopical sections of spleen reveal several 
large areas in which the central zone is definitely necrotic and contains frag- 
ments of nuclear debris. The outer zone is lined by fibrous connective tissue 
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figure 4A) and epithelioid cells. Only an occasional Langhans’ giant cell 
sseen. The sinusoids are distended with blood, the pulp is slightly to moder- 
tely haemorrhagic. The trabeculae are distinct. The malpighian corpuscles 
ire small and predominantly lymphocytic. An occasional small epithelioid 
iant cell tubercle is seen in the pulp. 

The liver (figure 3) weighed 1,880 g. and was moderately firm. Its surface 
vas riddled by elevated yeliow gray nodules from pinpoint to 2 cm. in diameter. 
yn section the liver was studded with grayish-white nodes, some of which 
vere centrally necrotic and bile stained. Microscopical section of the liver 
‘eveals a large area composed of a bluish to pinkish stained material in which 
is found pigment of nuclear debris. The peripheral portion of the necrotic 
cone is surrounded by fibroblasts and occasional epithelioid cells. The 
outer layer of this fibrous tissue-like capsule is infiltrated by lymphocytes 
figure 4B). The adjacent liver parenchyma is markedly compressed and the 
sinusoids are filled with blood. Many of the atrophic liver cords in this 
region contain brownish pigment in the cytoplasm of the cells. The unin- 
volved liver parenchyma shows a marked dilatation of the central vein in the 
centre of the liver lobules. The liver cords are slightly to moderately atrophic. 
Scattered throughout the liver section, both in the liver lobule and periportal 
areas, are numerous epithelioid giant cell tubercles. 

The lungs showed a miliary dissemination, especially in the left lung and an 
area of caseous tuberculosis in the left lower lobe. The meninges showed 
evidence of basilar tuberculous meningitis. There was also caseous tuber- 
culosis in the supraclavicular, peritracheal, peribronchial, peripancreatic and 
mesenteric lymph nodes. 


COMMENT 


According to Ranke’s classification (3) upon which my concept of the 
pathogenesis of tuberculosis is based, there are three stages in the evolution 


of tuberculous infection in humans. 

The first stage or the primary infection is followed by the second which is 
che -acterized by development of allergy and early haematogenous dissemina- 
tiuu of the tubercle bacilli. The third stage is that of isolated chronic organic 
tuberculosis which may in the course of time, because of lowered resistance 
of the host, become reactivated and produce late miliary disseminations. 


Frc. 1. X-ray, taken about four weeks before death, shows considerable increase in bron- 
chial markings, haziness in the upper half of the chest with suggestion of right infraclavicular 
density and miliary nodules in the left upper. 

Fic. 2. Section of spleen showing tuberculomata with extensive caseation 
Fic. 3. Section of liver showing numerous caseous tuberculomata 

Fic. 4. A: Section of spleen showing large tuberculoma with a peripheral fibrous capsule. 
The adjacent splenic parenchyma is compressed. B: Section of liver showing large tuber- 
culoma with a peripheral fibrous capsule. Note the compression of the adjacent liver 
parenchyma. 


4 
¥ 
{ 
a 
i 
; 


392 OSCAR B. RAGINS 


Winternitz (4) reviewed some 51 cases of splenic tuberculosis with spleno- 
megaly. He refers to primary splenic tuberculosis in the sense that the tuber- 
culous process may localize itself in the spleen which acts as a focus of dis- 
semination of the bacilli, while the original process may be healed entirely. 

In the case reported here the possibility that the spleen was the primary 
focus of miliary dissemination was also considered clinically, but this could 
not be definitely confirmed by the autopsy findings in view of the extensive 
findings in the lymph nodes as well as in the liver. 


SUMMARY 


A case of tuberculous splenomegaly with miliary dissemination and tuber- 
culous meningitis is reported. Because of the rather large size of the spleen 
and paucity of other definite findings, it presented a diagnostic problem. The 
possibility of dealing with a primary tuberculous splenomegaly which was 
considered clinically was not confirmed by the autopsy. 
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COCCIDIOIDES IMMITIS INFECTION OF THE LUNG! 


Report of a Case Resembling Chronic Pulmonary Tuberculosis 


DIRAN YEGIAN aAanp RICHARD KEGEL 


Pulmonary disease caused by the Coccidioides immitis is rarely encountered 
in the Eastern States and heretofore has not been reported in this region. 

In the present instance, the probable latent period of the disease and the 
clinical course bear a striking resemblance to that commonly encountered in 
pulmonary tuberculosis. 


Mrs. X., aged 25, housewife, came to us in December, 1937 complaining of a 
productive cough of three years’ duration. There is one significant fact in 
the family history: when the patient was five years old her mother died of 
pulmonary tuberculosis and the patient had been closely associated with the qi 
mother during her terminal illness. The family moved from New Jersey to 
Tulare in the San Joaquin Valley in California, a year before the death of the i 
mother. For the next seven years the patient lived at Tulare and during i 
this period she gashed the left popliteal space while climbing over a barbed 
wire fence and there is a linear scar two inches long in this region. About i 
that time a swelling appeared at the left corner of the mouth and healed slowly i 
leaving scars faintly visible to this day. There is no history of erythema ! 
nodosum, a common complication of coccidioidal disease, nor of any other 
illness during this period. 

The patient returned to New York State in 1925, and married six years 
later, at the age of nineteen. The following year she gave birth to a child and 
soon after complained of fatigue. The fatigue persisted, she lost somewhat 
in weight, and decided to visit her family who were then living in Westwood, 
California. Within a week after her arrival in April, 1933, she consulted a 
doctor, who, she says, told her that her lungs were weak. Her health im- 
proved after a period of four months’ rest and she again returned to the State 
of New York. During her visit to the West she spent three weeks at Tulare 
in the San Joaquin Valley. } 

In March, 1934 a productive cough developed; two months later the sputum 
was blood-streaked. The patient was informed that she was suffering from ' 
pulmonary tuberculosis and the chest roentgenogram taken in June, 1934 
(figure 1) showed the presence of abnormal shadows in the upper part of both 


1 From the New York State Hospital for Incipient Tuberculosis, Ray Brook, New York. 
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lung fields. There was also in the left lung field an annular shadow in the 
upper part, an isolated dense shadow in the lower part, and another in the 
region corresponding to the hilum of the left lung. There was a haemoptysis 
of 100 cc. in December, 1935. An attempt was made to collapse the left lung 
by artificial pneumothorax but the procedure was abandoned because of 
pleural adhesions. Later a phrenicotomy was performed on this side. There 
was a further haemoptysis of 60 cc. in June, 1937 and the patient came to us 
the following December. 


Fic. 1. X-ray film taken June, 1934 Fic. 2. X-ray film taken December 20, 1937 


The patient was a well-developed young woman in fair nutrition; she did 
not look ill. The temperature and pulse rate were normal. There were 
latent rales, fine and medium, confined to the summit of the left lung. The 
chest roentgenogram, when compared with the film of June, 1934, showed 
that the abnormal shadows in the upper portion of the right lung field had for 
the most part disappeared, but that the annular shadow in the left lung field 
was somewhat larger (figure 2). There was a positive reaction following an 
intracutaneous injection of 0.1 mg. of OT. 


Fic. 3. Coccidioides immitis spores in sputum (X 800) 
Fic. 4. Slide culture of sputum on Sabouraud’s agar (X 800) 
Fic. 5. Sputum cultured on Sabouraud’s agar plate 
Fic. 6. Magnified colony from fig. 5 after twenty-four hours’ incubation (X 40) 
kic. 7. Sputum cultured in dextrose-saline-yeast medium (X 800) 
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She had 4,500,000 red cells, 80 per cent haemoglobin, 9,900 white cells; 71 
per cent neutrophiles, 18 per cent lymphocytes, 8 per cent monocytes, 2 per 
cent basophiles, 1 per cent eosinophiles. Sedimentation rate (Westergren) 
was 36 mm. per hour. The urine was normal. 

Numerous examinations of the sputum were made before the patient came 
to us, but tubercle bacilli were not found. We likewise were unable to demon- 
strate tubercle bacilli in the sputum after repeated examinations of stained 
preparations, by cultural methods and by animal inoculation. However, 
many spores with a doubly-contoured, highly refractile capsule were repeatedly 
found when the sputum was mixed with an equal part of a 10 per cent solution 
of sodium hydroxide (figure 3). The number of spores found in the sputum 
varied from time to time. Mycelia were absent. The sputum streaked on 
Sabouraud’s medium (pH 4.0) incubated at 37°C. presented spherical cream- 
colored colonies within two to three days (figures 5 and 6). Under anaerobic 
conditions there was no growth. The sputum inoculated on a liquid medium 
consisting of sodium chloride, dextrose and yeast extract at a pH of 4.0 gave a 
luxuriant growth at the end of seven days (figure 7). The slide culture method 
was employed to study the microscopical details of the growth of the fungus. 
Sabouraud’s medium, preferably at a pH of 4.0 to insure a pure culture, 
was poured to a thickness of 1 mm. on a sterile microscopical slide; when the 
medium had solidified, a small portion of the sputum was gently smeared over 
its surface; a cover slip was then applied, and the preparations sealed in part 
with vaseline, incubated at 37°C. and examined at selected intervals. The 
development and growth of mycelia with branching septate hyphae, and the 
chlamydospores can be readily followed by this procedure (figure 4). On one 
occasion, this fungus was also isolated from the pus removed from a pimple 
on the shoulder of the patient. A portion of the sputum, injected intra- 
peritoneally into a rabbit, produced at the site of the inoculation, ten days 
later, a large, acutely inflamed abscess from which 50 cc. of pus was removed. 
The pus, microscopically, contained many characteristic spores, but no 
mycelia. In its morphology and cultural characteristics, the fungus here 
studied conforms to Coccidioides immitis. 

Clinical course: The patient has been at the sanatorium for a period of 
twenty months under routine sanatorium care. Except for a slight loss of 
weight, her condition has remained unchanged. Numerous examinations 
of the blood during this period showed that the white cell count varied be- 
tween 7,000 and 9,000, with neutrophiles between 46 and 59 per cent, lympho- 
cytes between 34 and 46 per cent, monocytes between 4 and 7 per cent, eosino- 
philes between 1 and 2 percent. The blood sedimentation rate varied between 
13 and 48 mm. (Westergren), the mean lying in the low thirties. Following 
the identification of the causal agent, the patient received orally 1 g. of pow- 
dered thymol for a period of ten days, then the amount was increased to 1.5 g. 
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for the next two days. At this time the patient had a slight haemoptysis, and 
the treatment was discontinued. A chest roentgenogram taken in June, 1939 
showed a few new abnormal shadows in the upper portion of the right lung 
field. There was also a temporary eosinophilia of 7 per cent. A few months 
later, these recent shadows had for the most part disappeared. 


SUMMARY 


The clinical history suggests that the patient probably acquired the Coc- 
idioides immitis infection some time before the fourteenth year during her 
stay in the San Joaquin Valley. The first manifestation of the disease, 
malaise and loss of weight, occurred six years later, and an X-ray film, taken 
two years subsequently, showed unmistakable evidence of pulmonary disease. 
The clinical picture and the course of the disease is indistinguishable from 
chronic pulmonary tuberculosis. The diagnosis rests upon the discovery of 
the fungus in the sputum. The recovery of the fungus on one occasion from 
a small pimple was an unusual feature of the case. It is probable that coc- 
cidioidal disease of the lungs will be found in the East more frequently in the 
future due to the increasing facilities for travel. 
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APPENDICITIS' 


A Case of Tuberculosis of the Appendix Complicated by Acute Suppurative 
Appendicitis 


BORRIS A. KORNBLITH 


The following case report illustrates the presence of an acute suppurative 
appendicitis superimposed upon a chronically diseased tuberculous appendix. 
An appendectomy and uneventful recovery were followed by progressive pul- 
monary disease from which the patient died. 


Case Report 


F. J.: #887. A 35 year old, colored, male chauffeur was admitted to the 
Riverside Hospital in October, 1935. He complained of constant cough, 
night sweats, haemoptysis and progressive weakness of four years’ duration. 
The patient was a well developed, well nourished colored male. Physical 
signs indicated bilateral upper and lower lobe pulmonary involvement, more 
on the right side and with signs of cavitation. The sputum was positive for 


tubercle bacilli, Gaffky III to VII. Roentgenograms of the chest showed 
evidence of bilateral pulmonary tuberculosis more marked in both lower lobes 
with cavitation in the right lower lobe. The patient was placed on strict 
bed-rest. 

On November 18, 1935, one month after admission, the patient complained 
of moderately severe right lower abdominal pain and moderate nausea. The 
temperature remained at 101°F. and the pulse rate 120. There was definite 
right lower quadrant tenderness with slight rigidity and slight rebound. A 
diagnosis of acute appendicitis or ileocaecal tuberculosis was made and the 
patient was observed for a twenty-four hour period. The signs then became 
more localized, and a laparotomy was performed. 

There was no free fluid in the peritoneal cavity. The peritoneum itself was 
free of tuberculosis. The appendix was found to be retrocaecal and was 
buried in the under-surface of the mesentery of the ileum. It was markedly 
thickened. A small walled-off abscess surrounded the appendix. The 
caecum showed no gross abnormalities. The lymph nodes in the mesentery 
of the ileum were moderately enlarged. The appendix was removed, the 
stump was phenolized and not inverted. The wound was closed in layers. 
A Penrose drain was inserted to the appendix stump. 


1 From the Surgical Service of Dr. Louis Carp, The Riverside Hospital, New York City. 
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The operative specimen measured 5x 1cm. The serosal surface was dull, 
thickened and completely covered by a fibrino-purulent exudate. The wall 
measured 5 mm. in thickness. The lumen was patent. There was no gross 
evidence of perforation. The pathological involvement was uniform to the 
base. On microscopical examination, the mucosa was intact in places and 
infiltrated by many lymphocytes. In other areas it was denuded. The 
submucosa was thickened and the lymph follicles were large. Throughout 
the submucosa there was a diffuse infiltration of lymphocytes, plasma cells 
and eosinophiles. There were only few polymorphonuclear leucocytes. 
Numerous organized tubercles with typical Langhans’ giant cells were present 
in this region (figure 1). The muscularis and serosa were the seat of an acute 


Fic. 1. Section through the appendix showing an area of mucosa and submucosa diffusely 
infiltrated with lymphocytes and circumscribed organized tubercles. No tubercle bacilli 
were found in the appendix. 

Fic. 2. Section through the ileum removed postmortem. Note the caseous tubercle 
limited to the submucosa. Numerous tubercle bacilli were found in this section. 


phlegmonous process. In these layers there was no evidence of tubercle 
formation. Instead there was a diffuse infiltration of leucocytes, lymphocytes 
and fibrin. The Ziehl-Neelsen stain revealed no tubercle bacilli in the ap- 
pendix or mesenteriolum. 

The patient made an uneventful recovery. His wound drained for two 
weeks and it was completely closed in twenty-six days. 

The patient’s pulmonary tuberculosis progressed and he developed a 
laryngeal tuberculosis. He died in March, 1936, four months after operation. 

Postmortem findings: A postmortem examination was performed by Dr. 
Milton Malev. The body was that of an emaciated colored male showing a 
healed appendiceal scar. The larynx revealed extensive ulceration on the 
under surface of the vocal cords. Microscopically these showed definite 
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tuberculosis. There was extensive involvement of the upper lobe in a diffuse 
infiltrative process. The lower lobes showed caseation and cavity formation. 
The heart showed some fatty degeneration, otherwise no gross changes. 
Adhesions were present between the ileum and caecum to the operative 
abdominal scar. These adhesions revealed a number of caseous tubercles. 
The serosal surface of the entire intestinal tract showed no evidence of tuber- 
culosis. The mesenteric lymph nodes showed evidence of caseation. On 
opening the ileocaecal region, there were seen a number of submucosal tubercles 
having caseous centres. The tubercles were limited to the mucosa however, 
and they were surprisingly few in number. Microscopical examination con- 
firmed these findings. The Ziehl-Neelsen stain showed numerous tubercle 
bacilli in the tissues (figure 2). The remaining hollow viscera showed no 
abnormal changes. The lymph nodes in the ileocaecal region showed caseous 
tubercles microscopically. The liver, the spleen and the kidneys showed no 
gross or microscopical changes. 


DISCUSSION 


A thirty-five year old colored male with bilateral pulmonary tuberculosis, 
developed an acute lower abdominal condition in which a differential diagnosis 
of acute appendicitis, ileocaecal tuberculosis or perforation of a tuberculous 
intestinal ulcer had to be made. Operative therapy was decided upon and an 
acute appendicitis superimposed upon a chronic tuberculosis of the appendix 
was found. The appendix was removed and the patient made an uneventful 
recovery, but he died four months later of his pulmonary infection. 

The question obviously arises as to how much the operative procedure 
contributed toward this patient’s progressive down-hill course. Is it justifi- 
able to deny surgical intervention in this type of case? The following con- 
siderations may help clarify these questions. 

Thieme (1) who reviewed the largest single series, 27, of such cases states: 
“The prognosis in cases with widespread pulmonary disease and appendicitis 
is very poor since the patient succumbs subsequently to his pulmonary in- 
fection. If the pulmonary condition is controlled, the appendicitis is likely 
to be on a pyogenic basis, if uncontrolled, it is likely to be on a tuberculous 
basis.” From the clinical point of view such a differentiation is impossible 
and, at best, of no practical value. : 

The precise incidence of acute involvement of tuberculous appendicitis is 
at best a matter of conjecture. The following figures are available. 

The incidence of primary tuberculosis of the appendix is very rare. Only 
one authentic case has thus far been reported (2). According to Pagel and 
Weichherz (3), the incidence of tuberculosis of the appendix, when computed 
from the number of appendicectomies performed in general, varies from one 
to 3 per cent. When postmortem findings are analyzed the appendix is found 
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to be involved in about 50 per cent of the cases where a tuberculous process 
affects the ileocaecal region (4). Ileocaecal involvement, however, is present 
n about 80 per cent of cases dying from pulmonary tuberculosis (5). Conse- 
juently, approximately 40 per cent of patients suffering from advanced pul- 
1onary tuberculosis have a tuberculous appendicitis. The incidence of 
uberculous appendicitis is thus much greater than generally acknowledged. 

The fact that reports of only 150 cases of tuberculous appendicitis have thus 
ar appeared in the literature supports the belief that most of these cases of 
\ppendicitis are either asymtomatic or insufficiently active to warrant surgical 
ntervention. 

On the other hand, operative intervention in cases of tuberculous appen- 
licitis has not yielded any worse results than the appendicectomies for pyogenic 
ippendicitis (1). The likelihood of a generalized peritonitis due to perforation 
of a tuberculous appendicitis has been estimated as about 1.5 per cent. It 
must also be borne in mind that one of seven faecal abscesses (14 per cent) 
in patients with pulmonary tuberculosis will likely be due to a perforated 
appendix (4). 

Whether or not the acute appendicitis is due to a flare-up of a chronic tuber- 
culous process or is a separate entity is apparently of academic interest only. 
It would seem, therefore, that surgical intervention is indicated where the 
clinical signs warrant it, while procrastination will undoubtedly lead to un- 
desirable complications. 


SUMMARY 


1. A case of acute suppurative appendicitis superimposed upon a chronic 
tuberculous appendix in a patient with pulmonary tuberculosis is presented. 

2. Surgical intervention as indicated by clinical findings is considered ad- 
visable despite a possible unfavorable result from the progression of the pul- 
monary process. 

3. Differential diagnosis of acute appendicitis and chronic tuberculosis of 
the appendix is possible only after histological examination of tissue removed 
at operation. 
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EXTRAPLEURAL PNEUMOTHORAX? ? 
A Critical Survey 


FRANK S. DOLLEY,’ JOHN C. JONES* anp JANE SKILLEN* 


Since the universal adoption of therapeutic intrapleural pneumothorax, 
there has persisted the search for a supplanting alternative when pleu- 
ral symphysis has precluded the successful utilization of the space be- 
tween the pleural leaves. Other surgical substitutions for producing 
cavity obliteration and negative sputum have proved adequate only by 
the sacrifice of a tragically large volume of unaffected lung. 

The creation of a pocket immediately outside the adherent pleural 
leaves is not a new concept. Since Tuffier’s (1) attempt in 1892 the 
problem has been periodically attacked. In 1913 Mayer (2) reported 
several cases successfully so treated. Yet until the publication of Graf 
(3) and, somewhat later, of Schmidt (4), little enthusiasm was engen- 
dered either abroad or in this country. Schmidt, in 1937, modifying 
Graf’s technique, reported 300 cases with results so arresting that inter- 
national interest was at once aroused. This one-stage method of obtain- 
ing essentially selective lung collapse, that seemed to obviate the neces- 
sity for multistage widely extensive pulmonary tissue sacrifice by 
thoracoplasty, appealed to doctor and patient alike. There were many, 
however, who believed the creation of an extrapleural pocket, to be 
maintained by air pressure, anatomically and surgically unsound. 
Others trying it experienced disastrous complications that either re- 
sulted in death or after weeks or months required difficult, often un- 
satisfactory, secondary operations. A third group, carefully selecting 
their cases not clearly amenable to successful thoracoplastic collapse, 
became convinced of its real value in a certain limited class of cases. 
Still others felt that with moderate restriction it was the procedure of 
choice for subacute or early chronic pulmonary tuberculosis confined 


1 Presented at a session of the Clinical Section at the 35th annual meeting of the National 
Tuberculosis Association, Boston, Massachusetts, June 28, 1939. 

2 With the aid of W.P.A. Projects #*465-03-3-613 and # 165-03-3-223. 

3427 South Arden Blvd., Los Angeles, California. 

‘Olive View Sanatorium, Olive View, California. 
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to the lung above the seventh rib even though thoracoplasty might well 
produce cavity obliteration and negative sputum. 

In an attempt to evaluate these diversified opinions, we have pains- 
takingly reviewed our own series of 141 operations on 135 patients to 
June 1, 1939, and have combined with them in critical consideration the 
results obtained through personal letters and publications from the 
majority of men abroad and in the United States whose clinics have had 
noteworthy experience in this recent collapse measure. Their conclu- 
sions, combined with our own, form the basis of this report. 

Theoretically, the production of a precisely selective endothoracic 
extrapleural pocket to be maintained by air pressure, as a substitute for 
an inadequate intrapleural pneumothorax, approaches the ideal. Should 
it actually be held the least disabling and most successful substitute for 
an unsatisfactory intrapleural pneumothorax, or is a thoracoplasty 
with extrafascial apicolysis to be preferred? Is it to be utilized only 
when a limited thoracoplasty offers little likelihood that sputum con- 
version would follow, or should it be completely discarded regardless of 
the eventual fate of a given patient denied it? It is particularly per- 
tinent on the occasion of this national meeting to correlate and analyze 
world-wide experiences in the hope that when all evidence is at hand a 
true judgment may be made. 

As we ourselves began our extrapleural work we chose cases from 
among the patients whose cavities closely hugged the mediastinum, in 
which the prognosis for complete cavity closure because of their location 
was distinctly unfavorable. Often the trachea was much displaced by 
contracting pulmonary scar tissue. The cavity walls were thick, yet 
influenced more by the probability of an inadequate collapse by thora- 
coplasty even with extrafascial apicolysis, the establishment of an 
extrapleural pocket was undertaken. Our earliest trials were not un- 
qualifiedly encouraging. Due to thick cavity walls, though displace- 
ment downward and inward was considerable, the cavity by virtue of 
its peripheral resistance remained open. Because the lung was not 
stripped free to the hilum, often the cavity or cavities would be seen in 
the triangle of lung left adherent to the mediastinal structures. In 
addition, when confronted by an unyielding lung with a large cavity 
immediately beneath the parietal pleura, we persisted in separating it 
from the chest wall from which, by means of intercostal vascular anas- 
tomoses, it was to a considerable extent obtaining its blood supply. 
Local lung necrosis developed on two occasions followed by a fistulous 
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communication between cavity and extrapleural space. Thus our initial 
enthusiasm led to our assuming risks that, in the light of our present 
knowledge, we now realize were ill-advised. 


INDICATIONS 


By review from time to time of the postoperative status of our extra- 
pleural patients we have been enabled to establish three satisfactory 
clear-cut groups as regards prognosis for cavity closure and negative 
sputum (5). Our conclusions are strikingly similar to those of Graf 
and Schmidt. 

We have adopted the classification terms of Schmidt, Adelberger and 
Theiss (6) which are simple and satisfactorily explanatory. They de- 
fine indications for the production of an extrapleural space for pneumo- 
thorax as absolute, broad or conditional. Guided by our experience, 
we have modified somewhat their group indications, retaining, however, 
their subdivision titles. 

Absolute indications: 1. Attempted intrapleural pneumothorax has 
been unsuccessful. 

2. Cavities are neither fibrotic nor stiff-walled. They are not more 
than 4 cm. in diameter and involvement does not extend below the 
sixth rib posteriorly. 

3. The contralateral lung is free of active tuberculosis. 

4. The lesions are nonacute, relatively recent, limited in extent, pres- 
ent in a patient who is a fair or good surgical risk. 

In our series every patient classified in this group has persistently 
negative sputum by culture and guinea pig and apparent cavity closure. 
There has been no death. 

Broad indications: 1. Circulatory or respiratory function is only fair. 

2. Cavities somewhat fibrotic or may be of considerable size and 
located at lung periphery. 

3. The contralateral lung may be more or less extensively involved. 

4. Disease may be of years’ duration with wide-spread though not 
marked fibrosis. 

While a high percentage of excellent results was obtained in patients 
so affected, the incidence of complications was greater and the main- 
tenance of an adequate space was more difficult than in the absolute 
group. Of 40 cases so classified, we have 11 with sputum still positive 
and have had one death from contralateral tuberculous pneumonia. 

Conditional indications: 1. Poor physical condition. 
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2. Old stiff-walled cavities in which thoracoplasty is contraindicated 
because of the size and position of the cavities. 

3. Existence of contralateral cavities. 

This last group, at first frequently but inadvisedly included with little 
hesitation, we now exclude except in cases where the creation of an 
extrapleural pocket seems the final forlorn hope for the patient. Even 
then, if the lung be solid when freed from the chest wall and vascular 
communications with the intercostal vessels seem likely, we promptly 
abandon the procedure. 

In this discouragingly unsatisfactory group of 35 patients, we have 
had 4 deaths, all following the development of fistulae between lung 
cavity and extrapleural space. Seventeen still have positive sputum. 


POSTOPERATIVE CARE 


Immediate: Much less postoperative sedation is required than for 
thoracoplasty cases. Enough codeine, however, should be given, sup- 
plemented by sodium luminal, to control both restlessness and cough. 

Initial postoperative refill: It is our custom immediately following the 
closure of the wound to inject through a needle inserted just lateral to 
the incision sufficient air into the extrapleural pocket to establish +-10 
or +15 pressure. This usually amounts to from 75 to 125 cc. 

Twenty-four hours following operation air is again introduced. Pa- 
tient is taken to the fluoroscopy room and, with the fluoroscope vertical, 
the bed is placed against it. He is assisted to the sitting position, his 
back to the table. The extent and location of the pocket, together with 
the amount of fluid present, are ascertained and the determination for 
the site for the introduction of the needle for the initial refill is estab- 
lished. This is of great importance since it:is by no means unlikely 
that infections in the extrapleural pocket, even bronchopleural fistulae, 
are not rarely due to the introduction of a needle either into the wall of a 
tuberculous cavity or through it into the infected material beyond. 
With slight rotation of the patient, the tendency of the lung to creep out 
either anteriorly or posteriorly can be detected. The patient is returned 
to the horizontal position for refill. The puncture is made usually in 
the anterior first or second intercostal space between the midclavicular 
and anterior axillary line unless fluoroscopy has shown a contraindication 
for this region. Not uncommonly, the third or fourth posterior inter- 
costal space, three-fourths of an inch lateral to the incision, seems a 
safer location. 
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The operator, previous to the refill, has prepared his hands by scrub- 
bing as before any other surgical procedure. He puts on sterile gown 
and gloves. The tract for the introduction of the pneumothorax needle 
is prepared with one per cent novocaine, and the depth of this prepara- 
tion depends upon the thickness of the chest wall and the location of the 
puncture. In the posterior intercostal spaces it is much greater than 
anteriorly. The depth varies, therefore, from one-half to three inches. 

The technique observed at Olive View (7) is as follows: By any one 
of four criteria the resident in charge establishes the presence of the 
needle point within the extrapleural space: 


1: The feel of the needle as it enters the pocket. In the first or second refill 
this is not as satisfactorily communicated to the fingers pressing the needle 
inward as it is after the pocket is well established. 

2: The loss of resistance as the needle is pressed forward. 

3: If fluid or air is present at the needle point, either one is convincing proof 
that the latter is within the pocket. 

4; Characteristic manometer readings. 


The initial reading usually is approximately +4 —4 cm. of water. 
If fluid enters the needle, however, no readings are obtained. A 30 
cc. Luer syringe is then attached and as much fluid as possible is as- 
pirated without any attempt to remove it all. The remaining thin 
serosanguineous exudate is much more easily and safely removed after 
the pocket is well established. Following the removal of this fluid, if 
any is found, the tube is disconnected and the high pressure apparatus 
is attached. The reading is taken and air is slowly given, 25 to 50 cc. 
at a time, checking by manometer until the pressure becomes +26 to 
+30 cm. This initial refill averages about 120 cc. The needle is then 
quickly removed, a small square of sterile gauze is placed against the 
puncture site, a three-pound shot bag is placed over it for the succeed- 
ing two hours that the escape of air may be minimized. 

Refills: Following the initial introduction of air the patient is fluoro- 
scoped daily for the first week and is given one to four refills during this 
period, depending upon the need for additional collapse required to 
maintain the space as originally established. Following this, he is 
usually placed upon a seven-day schedule. The average amount of air 
given is 80 cc. but it has varied from 25 to 185 cc. 

During the first four to six weeks postoperatively there is usually a 
progressive increase in the size of the pocket, with a coincidental progres- 
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sive rise in final pressure readings. The average final pressure main- 
tenance-refill after three weeks is +46 to +56 cm. of water. 

Any case showing a suggestive diminution in size of pocket by fluoros- 
copy should have frequent X-ray films. If the pocket contracts to a 
point where it is feared further expansion of the lung will be accompanied 
by reopening of the cavity, the patient is placed on a biweekly refill 
schedule. If this does not control reéxpansion, oleothorax is started 
at once. Two cases with threatened loss of space were controlled by 
semiweekly refills. Nine others, however, required conversion to oleo- 
thorax to maintain adequate collapse, the so-called antisymphyseal 
oleothorax of Schmidt. The mixture employed is 2.5 per cent gomenol 
with 10 per cent lipiodol in olive oil. Seven to 10 cc. of this mixture are 
given at the first instillation and, if there is no unfavorable clinical reac- 
tion, additional oil refills are given every five days in larger amounts 
until the pocket is filled with oil, removing on each occasion a corre- 
sponding amount of air that the pressure may be controlled. 


COMPLICATIONS 


Haemorrhage: Careful attention to operative technique and haemosta- 
sis has largely eliminated this troublesome complication that was not 


uncommon in the earlier cases. Briskly bleeding intercostal branches 
are clamped and ligated or, if too short, controlled by pressure or coagu- 
lation. Hot packs left for a few minutes tightly filling the extrapleural 
space at the conclusion of the operation effectually control oozing 
points. Because some vessel was inadvertently injured during closure, 
massive haemorrhage into the extrapleural space occurred in one case. 
Aspiration of serum and irrigation with saline removed the bloody super- 
natant fluid. The fibrin clot, slowly decreasing in size, was evident by 
X-ray during the subsequent seven months. The presence of a large 
fibrin clot occupying a considerable space in the extrapleural pocket 
increases the difficulty of maintaining this space. Often it would be 
advisable to open the wound a few days following operation, remove the 
coagulum, rinse out thoroughly with saline and reclose. 

Emphysema: Severe coughing immediately following operation not 
infrequently resulted by the escape of air in almost complete reéxpansion 
of the lung. The space, however, was easily reéstablished by the in- 
troduction of air on the following day under fluoroscopic guidance. 
Usually by the second day, and almost always by the fourth, there is 
little further escape of air into the soft tissues at the site of surgical 


EXTRAPLEURAL PNEUMOTHORAX 409 


approach. Mediastinal emphysema has not developed in our series. 
It seems unlikely that the limited amount of air present in the extra- 
pleural space would be sufficient to lead to untoward mediastinal symp- 
toms, should communication with this space occur. 

Infection: Infection of the extrapleural pocket may be serious, even 
disastrous. This complication has been largely responsible for the wide- 
spread adverse reports relative to this procedure. At the time of opera- 
tion, if the peripheral cavity wall is accidentally torn, operation should 
be abandoned at once and the wound packed wide open since sutures 
taken to repair the damage promptly slough out, and if the chest wall 
is closed about a small drain, the sepsis that follows is usually overwhelm- 
ing and ends in death. It is highly desirable, provided the condition of 
the patient permits, to remove completely at the same time the upper 
three ribs, that this extrapleural space may be minimized. In our series 
this complication occurred twice during the course of an extremely 
difficult development of the extrapleural space, both in cases included in 
the conditional group which we have now abandoned except on rare 
occasions where no other alternative is apparent, In the first patient 
following a seemingly satisfactory repair, wide-spread contamination 
resulted and despite wide open drainage following the beginning of 
sepsis the patient died in nine days of toxaemia. In the second case 
the wound was at once packed wide open. The patient recovered and 
the sputum became negative. 

On the development of a pulmonary fistula into the extrapleural space 
the situation is a difficult one. Because of the communicating open 
bronchus, irrigations are excluded. The introduction of methylene 
blue into this extrapleural cavity, later expectorated by the patient, 
will make the diagnosis certain. If within a comparatively short time 
the fistula does not close, it is best to obliterate this extrapleural space 
by thoracoplasty. Great care must be used during rib removals, how- 
ever, since the parietal pleura, normally present beneath the rib beds, 
has been displaced inward in the establishment of the extrapleural 
space. If the very thin endothoracic tissue is torn during thoracoplasty, 
the tear establishing communication with the infected extrapleural 
space beneath should be widely enlarged and the entire area packed 
with gauze without suture of the overlying soft tissues. The removal 
of the upper ribs should be completed if possible. 

The presence of fluid in this extrapleural space immediately following 
the operation is almost a uniform occurrence. In approximately 30 
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per cent of the cases fluid has developed late from the thirty-fifth day on. 
The onset has been characterized almost invariably by malaise, general 
discomfort and low-grade pyrexia. In 18 per cent of these patients the 
fluid finally became purulent, and in all but 4 tubercle bacilli were 
eventually found. Only one pyogenic infection occurred due to the 
presence of Staphylococcus albus. All of these extrapleural infections 
are now under control. Three disappeared following repeated aspira- 
tion and saline irrigation. Seven were aspirated and then filled with 
2.5 per cent gomenol in olive oil. In the 4 that remained negative to 
smear and culture, marked contraction of the pocket suddenly occurred 
and they were at once converted to oleothorax that effectually controlled 
the reduction of the space. At each oil filling a corresponding amount 
of air was withdrawn to assure ourselves that the oil was not under 
positive pressure in the extrapleural pocket. The total amount of oil 
required to fill the pocket has varied in these 11 cases from 76 cc. to 315 
cc. After the pocket was filled and the air entirely replaced with oil, the 
patient was tapped every three or four weeks for the first three months 
and small amounts of oil added only as the pocket would accept it with- 
out a final positive pressure, as indicated by the oil flowing spontaneously 
out through the needle from the extrapleural pocket. In no case was it 
necessary to establish external drainage in these infected extrapleural 
spaces in which no broncho-extrapleural fistula existed. 

When a fulminating pyogenic infection develops, however, treatment 
should be conducted along the same lines as in an intrapleural infection 
similarly virulent. Prompt external drainage is imperative. When the 
staphylococcus was recognized in our one pyogenic complication a tube 
was inserted into the extrapleural space through a minimal soft tissue 
opening. Irrigations were carried out twice a day for a week, the tube 
was then removed, and when the chest wall opening had closed gomenol 
substitution of air trapped within was begun. The oil was replaced by 
needle at weekly intervals and within a month cultures became sterile. 
Oleothorax is being continued and the sputum is negative. 

In more severe infections undoubtedly early chest wall closure would 
be contraindicated. Eventually thoracoplastic collapse would be re- 
quired with the addition perhaps of a fat transplant after the manner of 
Neuhof (8). It is seldom that the often overwhelming toxicity incident 
upon a secondarily infected tuberculous empyema existing between the 
pleural leaves is as disastrous when it develops in an extrapleural pocket. 
Identical therapeutic indications exist, however. External drainage 
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should be at once carried out if toxicity is marked and a broncho-ex- 
trapleural fistula is present. If no fistula exists, then frequent irrigations 
with or without gomenol should be done, followed without delay by 
adequate external drainage if improvement is not evident under irri- 
gations. 

Embolism: No early air embolism has developed in our series. In two 
patients this complication developed late in their postoperative course. 
The symptoms, however, were transient and on subsequent refills there 
was no recurrence. 

Atelectasis: There has been no clinical evidence of atelectasis among 
our patients. 

Tuberculous bronchopneumonia: This developed as the final compli- 
cation in the two fatalities secondary to cavity rupture into the extra- 
pleural space. It is the usual cause of death following broncho-extra- 
pleural fistula, and is due to aspiration of infected material from the 
pocket into distal pulmonary lobes. This complication did not occur 
in the rest of the series. 

One patient without involvement of the extrapleural space developed 
a bronchogenic spread in the contralateral upper lobe which roentgeno- 
logically cleared up in approximately two months. 

Pleural complications: One patient suffered a contralateral spontane- 
ous intrapleural pneumothorax several months after an extrapleural 
pneumothorax on the opposite side had been established. Complete 
absorption eventually occurred. In a second patient a communication 
developed postoperatively between the extrapleural pocket and a pre- 
existing intrapleural pneumothorax. It was necessary by a second 
operation ten days later, through the bed of a rib-section removed just 
below, to divide the parietal pleura from sternum to vertebral gutter. 
Thus a combined intra- and extrapleural space was created from apex 
to diaphragm by lateral compression and negative sputum was obtained. 


RESULTS IN AUTHORS’ SERIES 


Our own results here reported are based upon the first 100 cases begun 
September, 1937. 

All cases falling in the absolute indication group have cavity closure 
and negative sputum. These cavities were 4 cm. or less in diameter, not 
thick-walled, and limited to the lung above the sixth rib posteriorly. 
There was no tracheal displacement. The lesions appeared relatively 
recent and no activity was evident on the contralateral side. 
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As the indications became poorer so did the results, with mortality 
increasing in proportion. Thus the so-called broad indications, while 
not good, offer the patient within this group a two and one-half to one 
chance of cavity closure and sputum conversion. These cavities were 
more fibrotic or of considerable size and perhaps peripherally located, 
the opposite lung often more or less involved, and the disease of long 
duration. 

The conditional class, provided haemorrhage, very poor physical 
condition or extensive contralateral involvement leaves no opportunity 
for choice, should be proscribed. While 14 cases have apparent cavity 
closure with sputum conversion, 17 failed and 4 others died. A patient 
in this group has a 40 per cent chance of sputum conversion even if 
an adequate pleurolysis can be obtained. The causes of the 4 deaths 
were as follows: In one the cavity was opened at operation but repaired. 


TABLE 1 
Results in 100 cases—106 operations* 


ABSOLUTE BROAD 


Sputum negative. Cavity closed 25 28 
Sputum positive. Cavity open — 11 
1 


* Four bilateral and two unilateral two-stage operations. 


The patient died of toxaemia following contralateral spread. In an- 
other the cavity wall later sloughed and perforated into the extrapleural 
space and death followed from the same cause. The third patient, 
after the establishment of an extrapleural pneumothorax on the right 
side, developed a fistula and empyema into an already existing intra- 
pleural pneumothorax on the left. He died, following the first-stage 
thoracoplasty on this latter side, from sepsis and extension of the tu- 
berculous involvement in both lungs. The fourth death occurred three 
months following the operation after an early uneventful course. Al- 
most immediately following prolonged exposure to the direct rays of a 
hot sun, she developed miliary tuberculosis to which she promptly suc- 
cumbed. Operation revealed approximated cavity walls on the extra- 
pleural side. 

The 4 extrapleural bilateral cases have sputum conversion and cavity 
closure. 


| comm | 
14 67 
17 28 
4 | 5 
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Thus, in review of table 1, in the conditional group 40 per cent have 
negative sputum, 49 per cent are still positive, and 11 per cent are dead. 
In the broad group, 70 per cent have negative sputum, in 27 per cent the 
sputum is still positive, and 2 per cent are dead. In the group where 
the indications were absolute, 100 per cent have negative sputum. No 
death has occurred. 


COMPARATIVE ANALYSIS OF INTRA- AND EXTRAPLEURAL PNEUMOTHORAX 
AND THORACOPLASTY 

It seems universally agreed that intrapleural pneumothorax should be 

attempted before either an extrapleural space is created or before con- 


TABLE 2 


50 CASES INTRAPLEURAL 50 CASES EXTRAPLEURAL 50 CASES 
PNEUMOTHORAX, PNEUMOTHORAX, THORACOPLASTY, 
2 TO 3 YEARS 1 TO 2 YEARS 1 TO 3 YEARS 


per cent per cent per cent 


Spontaneous pneumothorax.| 10 and 8% died 0 2 
2 6 and 3% died 20 and 0 died 


10 

6 with 17% dead 
31 
35 23 
Still living 57 67 
Improved, stationary 
56 53 
Negative sputum 44 37 
Unknown 10 


sideration of thoracoplastic collapse. Yet is the former procedure, often 
unhesitatingly advised, so innocuous? In 50 consecutive cases taken 
from Smart’s (9) review at Olive View, under treatment from two to 
three years (table 2), 8 per cent died following spontaneous pneumo- 
thorax, 3 per cent from empyema. Six per cent came to thoracoplasty 
of which 17 per cent died. Thirty-five per cent of these cases are now 
dead and but 44 per cent have negative sputum. It is true that in many 
the disease was rapidly progressing and wide-spread, yet the results 
certainly are not sufficiently encouraging to warrant us in regarding in- 
trapleural pneumothorax as a panacea in the treatment of pulmonary 
tuberculosis. The outstanding anomaly in medicine is the incontro- 
vertible fact that neither the physician who initiates nor the patient 
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who receives intrapleural pneumothorax clearly realizes either the per- 
centage of untoward complications that are likely to occur, the expense 
of sustained treatment or the death rate that obtains. Yet it continues 
to be the collapse method of choice despite its very real complication 
dangers. 

However, from study of the first 50 patients in whom an extrapleural 
pneumothorax pocket was developed at Olive View, reviewed by one of 
us (J. S.), who have received treatment for from one year to twenty- 
one months, it appears that none has died from any cause and 72 per 
cent have negative sputum. Actually of the 82 cases done at Olive 
View there has been no death, early or late. Here again it is undeniable 
that these cases were carefully selected, yet with few exceptions they 
had refused thoracoplasty or, because of bilateral disease, advanced age 
or poor general condition, were poor risks for thoracoplasty. 

Fifty consecutive patients submitting to thoracoplasty were followed 
one to three years after operation. Twenty-three per cent are dead as 
compared with 35 per cent under intrapleural pneumothorax and zero 
per cent with extrapleural pneumothorax. Thirty-seven per cent have 
negative sputum with 10 per cent unknown, while 44 per cent are nega- 
tive by intrapleural pneumothorax as compared with 72 per cent follow- 
ing extrapleural pneumothorax. Certainly in both intrapleural col- 
lapse and thoracoplasty the disease was often much more extensive, 
yet with this duly considered the fact remains that by extrapleural 
pneumothorax, without deformity, in one stage, and with no death, 
72 per cent have sputum conversion. 

The present comparative status in percentages of patients discharged 
quiescent or arrested following intrapleural pneumothorax, extrapleural 
pneumothorax and thoracoplasty is instructive. But 12 extrapleural 
cases have been discharged from Olive View. Their course is compared 
with 24 intrapleural cases under treatment over approximately the same 
period and 24 thoracoplasties covering a somewhat longer time. 

Despite the fact that a so-called successful intrapleural pneumothorax 
is almost universally accepted as an unqualified blessing to him who sus- 
tains it through comparatively serene and indeterminate years, it is 
evident that over a like period of time the tuberculous patients who 
because of pleural adherence were denied this vitally important aid in 
their chase after a cure, and who subsequently submitted to the creation 
of an extrapleural pocket, have risen to brackets not discouragingly 
lower than those of their more fortunate associates who obtained a 


EXTRAPLEURAL PNEUMOTHORAX 415 


successful intrapleural collapse (table 3). In a given period of time 
more than three times as many were arrested by intrapleural pneumo- 
thorax as by extrapleural and twice as many following thoracoplasty, 
though the latter were somewhat older cases. Yet twice as large a 
percentage were working with extrapleural pneumothorax as by either 
intrapleural or following thoracoplasty, though the percentage working 
capacity of all these proved to be approximately the same. 

Thus it is evident that the classical intrapleural pneumothorax should 
be given preference, for despite the fact that its course is a prolonged 
one, fraught with complicating dangers, the space is established without 
operation and there results the largest percentage of arrested cases in 
shortest time. When thoracoplasty combined with extrafascial apicoly- 
sis can be limited in extent with the strong probability of cavity closure 


TABLE 3 
Cases discharged quiescent or arrested 


WORKING CAPACITY 


Full Part None 


Extrapleural 


2 (16%) | 10 (83%) | 3 (25%) | 7 (S8%) | 2 (17%) | 2 (16%) | 4 (33%) | 6 (50%) 


13 (54%) | 11 (46%) | 3 (13%) | 19 (79%) | 2 (8%) | 5 (21%) | 9 (38%) | 10 (41%) 


8 (33%) | 16 (67%) | 3 (13%) | 17 (71%) | 4 (16%) | 4 (17%) | 7 (29%) | 13 (54%) 


without extensive sacrifice of uninvolved lung, and with prompt com- 
pletion of the collapse episode, it appears to be the procedure of choice. 
But if those conditions do not obtain, the ultimate prognosis for return 
to economic self-support seems fully as good with extrapleural pneumo- 
thorax, despite the protracted requirements of space-maintenance, a 
disadvantage that it unfortunately must share with collapse by intra- 
pleural compression. 


DISCUSSION OF COLLECTED RESULTS 


Consistent with all attempts to interpret results from various clinics, 
the inevitable diversification of influencing factors renders all conclusions 
approximations only. To consider sputum conversions, mortality per- 
centages based on the total of nearly 2,500 cases collected from men 
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throughout the world whose operative indications were widely different, 
would lead to manifestly erroneous conclusions. Yet if the total is 
broken down into groups based upon the type of case selected, control 
of space and conversion, many particularly important facts can be 
established. 

All agree intrapleural pneumothorax is preferable provided cavity 
collapse by this method occurs. 

When this therapeutic method proves unsatisfactory great divergence 
of opinion concerning the value of extrapleural pneumothorax obtains. 
The collected series has been divided roughly into two groups based on 
operative indications: 

(1) A certain number employed it largely as a prethoracoplastic 
procedure when the very poor pulmonary or general condition of the 
patient precluded initial thoracoplasty. Alexander, Haight and Som- 
mer, Berry and Lambert, Coryllos, Eloesser and Rogers, Freedlander, 
Gebauer and Wolpaw, Fruchaud, Gale, Graham and Blades, Jachia, 
Kinsella, Leahy, Mayer, Nissen, Overholt and Betts, and Toussaint 
manifestly did not expect dramatically encouraging results nor did they 
obtain them. They utilized the operation as a desperate means toward 
a thoracoplastic end. Their death rate was inevitably high; their 
complications, often disastrous, were uniformly harassing. They have 
largely abandoned the operation. The mean for their combined per- 
centages was 38 per cent negative sputum with 17 per cent dead. Final 
thoracoplasty was contemplated in the majority of cases within this 
group but because most of them were in the conditional indication class, 
contralateral spreads, broncho-extrapleural fistulae and empyemata were 
frequent complications, resulting in early death or rendering thoraco- 
plasty, previously dangerous, in the end utterly impossible. Operative 
results did not warrant the risks assumed. Trial of the procedure 
manifestly had been made the hard way. 

(2) The second group, Brock, Crowe, Delonnoy, Dolley and Jones, 
Emmler, Graf, Harter, Lowys, Maurer, Monod et al., Oatway and Gale, 
Omodei-Zorini, Rehberg, Schmidt, Adelberger and Theiss, Sebestyen, 
and Sellors employed extrapleural pneumothorax largely in accordance 
with the criteria enumerated in the absolute and broad subdivisions. 
While Delonnoy reported sputum conversions as high as 86 per cent in 
14 cases and Crowe, Emmler, Lowys and Sebestyen no mortality in 
14, 39, 2 and 22 cases, respectively, the average for the 1,545 operations 
is 65 per cent with negative sputum and 8 per cent deaths. Since this 


TABLE 4 


NAMES OF OPERATORS 


INDICATION 


USUAL METHOD 
CONVERSION 


Alexander, Haight & Som- 


Berry & Lambert (11).... 
Brock (12) 

Coryllos (13) 

Crowe (14) 

Delonnoy (15) 

Dolley & Jones 

Dufourt, Santy & Berard 


Eloesser & Rogers (17).... 


Emmler (18) 
Freedlander, Gebauer & 
Wolpaw (19) 


Fruchaud (20) 
Gale (21) 


Graham & Blades (22).... 

Harter (23) 

Hautefeuille, & Dreyfus- 
LeFoyer (24) 

Jachia (25) 

Kinsella (26) 


Lowys (29) 
Maurer, Monod et al. (30). . 


Neubauer (31) 
Nissen (32) 


Oatway & Gale (33) 
Omodei-Zorini (34) 
Overholt & Betts (35) 
Proctor (36) 


Rehberg (37) 
Roberts (38) 


22 
50 
27 


Conditional 
Conditional 
Absolute and broad 
Conditional 
Absolute and broad 
Absolute and broad 
Absolute and broad 


Broad and condi- 
tional 
Absolute and broad 


Broad and condi- 
tional 
Conditional 
Conditional 
Absolute and broad 
Conditional 
Absolute and broad 


Conditional 

Conditional 

Conditional 

Medical extra- 
pleural 

Absolute and broad 

Absolute and broad 


Broad and condi- 
tional 


Conditional 


Absolute, broad, 
conditional 

All groups 

Conditional 

All groups 


Absolute and broad 
Broad and condi- 
tional 


Absolute and broad 
Absolute and broad 
Broad 

Conditional 


1938 
1938 
1937 
1938 
1938 
1937 
1937 


1936 
1938 


1937 
1938 


1937 
1938 
1934 
1938 
1938 


1936 
1932 
1938 
1938 
1937 


1938 
1937 


1913 


1936 
1929 


1938 


1937 
1938 
1934 


1936 
1937 


1936 
1937 
1937 
1937 


Thoracoplasty 
Thoracoplasty 


Thoracoplasty 


Oil 
Oil 


Thoracoplasty 
Oil 


Thoracoplasty 
and oil 
Thoracoplasty 


Oil 
Thoracoplasty 
Thoracoplasty 


Oil 
Thoracoplasty 
Thoracoplasty 
Thoracoplasty 
Abandoned 


All children 
Thoracoplasty 
and oil 


Thoracoplasty 
and oil 


Oil 

Thoracoplasty 

Thoracoplasty 
and oil 

Oil 


Oil 
Oil 


Oil 


Note: Some clinics, while the surgeons wish to restrict the cases for 
those in which the indications were broad, resorted to extrapleural, however, as a des- 
perate expedient occasionally. For example, Gale, e¢ al. quoted in both groups. 
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42 | 10 
50 64 | 10 
12 
14 86; 
28 65 | 16 a 
141 68 | 3.5 
100 | 0 ' 
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.| 39 63 | 0 
iat: 13 38 | 38 
40 | 6 
27 52 | 10 
35 70 | 11 
107 6.5 
16 | 16 
33 0 
46 | 26 
LeFevre (28)............. 
| 
123 68 | 22 
43 2 
70 | 13 
5 
er 36 | 30 
97 70 | 3 
Schmidt, Adelberger & 
65 | 19 a 
Sebestyen (39)........... 38 | 0 
4 
Toussaint (41)........... 29 | 33 |_| 
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includes reports from 14 contributors scattered throughout the world 
all of whom stated that their criteria were based upon those included in 
this group, it seems probable that their combined results furnish an 
approximately reliable estimate as to what can be expected for a given 
patient who contemplates acceptance of this procedure. 

Holding to these tenets they all report that they consider this method 
of real value when thoracoplasty is not feasible and fibrosis is not ex- 
tensive. 

Tuffier used nothing after the creation of an extrapleural pocket and 
he lost his space. Muscle and fat were tried. Atrophy or liquefaction 
and fibrosis with contraction followed and the lung reéxpanded too soon. 
Baer (42) introduced wax. He found it satisfactory. Its wide-spread 
use often at mechanically disadvantageous sites brought it into disrepute. 
Properly placed in proper cases it has real therapeutic value. Nissen 
continues to employ it with success, often in preference to extrapleural 
pneumothorax. Yet it is not the ideal medium. The introduction of 
oil provided the most satisfactory material yet tried. So to-day, forti- 
fied with gomenol, it is being very widely introduced both intra- and 
extrapleurally. It effectually maintains an extrapleural space that is 
being reduced by the contraction of steadily advancing peripheral fibro- 
sis along the extrapleural pocket walls. 

Delonnoy, Dolley and Jones, Emmler, Freedlander et al., Graf, 
Hautefeuille e¢ a/., Maurer and Monod, Nissen, Omodei-Zorini, Rehberg, 
Schmidt, Adelberger and Theiss, Sebestyen, and Toussaint have stated 
that they control premature lung reéxpansion by oil replacement. 

This extrapleural space whose content of necessity is thus often con- 
verted from air to oil must remain filled with oil until such a time as lung 
reéxpansion is deemed safe or desirable. With the removal of the oil, 
what then? The same question from the very beginning of extrapleu- 
ral pneumothorax history has been asked when compression has been 
maintained by air. Are we justified in initiating a procedure in which 
complications are common and for which we cannot assure our patients 
a salutory conclusion both as to time and intrathoracic condition? 
We have had to content ourselves as best we could in practical specula- 
tion against the time when those who initiated the recrudescence of this 
procedure had maintained extrapleural pockets over a period long enough 
to convince them that lung reéxpansion was safe. Graf began his series 
in 1934, as did Proctor; Schmidt and Adelberger theirs in 1936. Per- 
sonal communications regarding this problem that has given us all such 
concern were received during the preparation of this review. The con- 
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clusions of these pioneers in the creation and conduction of extrapleural 
pneumothorax are most valuable, and are as follows: 

Graf, with his five years of experience in this procedure, wrote that in 
almost all cases he and his associates have eventually converted the 
pneumothorax to oleothorax. When after one or more years lung re- 
expansion has appeared safe, they have been able to reduce the extra- 
pleural space from one-third to one-half, by gradual removal of the oil. 
Complete reéxpansion is very unlikely because of the greatly thickened 
parietal pleura which represents the floor of the extrapleural pocket. 
Some oil may be left indefinitely or, following its complete removal, 
space obliteration may occur by fibrosis, as Nissen has reported. There 
is no procedure, Graf says, that produces such dramatically rapid heal- 
ing but at the same time may be attended by so many complications. 
Great care is necessary in selection and, until oil conversion is accom- 
plished, constant supervision is necessary. 

Proctor informed us that the majority of his early cases have oil re- 
placement and that he has not yet seen fit to remove the oil. After 
oleothorax has been stabilized, the patients need to be seen only at three 
to six months’ intervals. He sees no indication for exchanging a very 
satisfactory situation for an attempt at lung reéxpansion by oil removal 
that might produce troublesome complications. Adelberger, Theiss, 
Bellinger, Gaubatz and Sauer, who following Schmidt’s unfortunate and 
untimely death, are carrying on the work that he formerly shared with 
them, wrote “that with few exceptions final oil replacement will be re- 
quired.” Of their 544 cases to May, 1939, 57 per cent now have oleo- 
thorax. The parietal pleura, subjected to the constant, even though 
minimal irritation of air under pressure, becomes too thick to permit 
complete lung reéxpansion even with negative pressure constantly 
maintained. 

With these apparently satisfactory end results before us, it is inter- 
esting to compare them with long established cases of intrapleural pneu- 
mothorax. Whereas in the former, oil with apparent safety can be 
left permanently in the extrapleural pocket if it proves necessary, how 
many cannot recall a disturbingly long list of intrapleural pockets, where 
perhaps an entire lung had been collapsed in order to obtain cavity ob- 
literation in its upper third, that, supported by refills every two or three 
weeks for four, six, eight or ten years, eventually required thoracoplasty 
perhaps indicated in the first place, or patients who have developed 
secondarily infected empyemata and have died or become miserably 
and permanently incapacitated. It seems not entirely impossible, there- 
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fore, that, with improvement in selection, space creation, and a short 
extrapleural pneumothorax course with oil conversion, even intrapleural 
pneumothorax may be forced to look to its laurels, if it is to continue its 
position of therapeutic eminence. 

At this particular moment extrapleural pneumothorax is under severe 
and critical scrutiny. This intense consideration of a new therapeutic 
arrival is as it should be. Yet the value of any treatment is by compari- 
son. It is not particularly important that there has been developed 
another procedure that is as good as thoracoplasty, rather the real test 
is whether it can accomplish something when properly applied and 
painstakingly continued that thoracoplasty cannot. 

Without exception, those whose cases were largely selected from the 
conditional group had discouraging results. As a matter of record, 
every contributor to this survey attempted, early in his series, condi- 
tional risks. Undoubtedly encountering desperate situations, everyone 
still does occasionally, yet in agreement with those who limited their 
cases largely to this group, the creation of an extrapleural pneumothorax 
pocket is properly interdicted for this wholly conditional class. 

Our own results have thoroughly convinced us that the creation and 
maintenance of an extrapleural pocket is the most satisfactory procedure, 
under the following conditions: 


1: When the tuberculous involvement permits its inclusion either in the 
absolute or broad classification group, provided that: 

(a) The patient refuses thoracoplasty 

(b) He is very young or old 

(c) When thoracoplasty, because of the unavoidable sacrifice of a very 
considerable amount of apparently uninvolved lung, would reduce vital 
capacity so appreciably that anoxaemia would preclude future physical 
activity 

(d) Bilateral disease precludes thoracoplasty collapse 

(e) Frequent alarming haemorrhages render graded thoracoplasty a 
hazardous undertaking 

(f) There is serious constitutional disease, asthma, etc. 


The conclusions then to be drawn from this survey, that included the 
individual opinions of most men throughout the world who have ex- 
perience in extrapleural pneumothorax treatment, are the following: 


1: Intrapleural pneumothorax and limited thoracoplasty are to be preferred 
when they can be reasonably relied upon to produce cavity closure and sputum 
conversion. 


EXTRAPLEURAL PNEUMOTHORAX 421 


2: When neither is likely to succeed, extrapleural pneumothorax, provided 
that in a larger measure operative indications fall within the absolute and 
broad groups, will be instrumental in obtaining approximately 63 per cent 
sputum conversions. This figure represents the mean average for 27 clinics 
and is based upon approximately 2,000 cases. 
3: Comparatively early, oil conversion is advisable: 
(a) To control the pocket 
(b) Largely to eliminate the difficult space maintenance 
(c) To reduce expense of frequent refills to the patient 
(d) To minimize infection. 
4: The end result will be: 
(a) Permanent oleothorax, or 
(b) Partial lung reéxpansion with 
(1) A small residual oleothorax, 
(2) Obliterating extrapleural fibrosis with little likelihood that a 
thoracoplasty will be required. 


It is with deep appreciation that we acknowledge the assistance of the various surgeons 
throughout the world whose personal responses concerning their results with extrapleural 
pneumothorax have contributed in a very large measure to the reasonably reliable conclu- 
sions we have been enabled to reach concerning the therapeutic value of this procedure. 
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EXTRAPLEURAL PNEUMOTHORAX! 


EDWARD D. CHURCHILL? 


Collapse therapy is at the present time guided almost purely by ana- 
tomicopathological concepts of pulmonary tuberculosis or by imme- 
diate rather than remote consideration of pulmonary function. Pa- 
tients with unstable or advancing lesions receive collapse therapy to 
halt what threatens to be a serious or fatal progression of the disease; 
those with stabilized or “chronic” lesions receive the same treatment to 
free them of a legacy of cavities and diseased tissues that are a menace 
to the individual and the community. 

There is reason to believe, from the studies of Jacobaeus and Bjérk- 
man, that the development of tests of function for individual lungs or 
even single lobes might radically reshape the indications for the various 
procedures of collapse therapy. The vision of a reéxpanded functioning 
lung, free of disease, has for years been the lodestar of artificial pneumo- 
thorax therapy. Present day indications might well be altered if evi- 
dence were presented showing that these battle-scarred reéxpanded lungs 
were largely functionless from the combined effects of the initial disease 
and the complications of prolonged collapse. 

Even without this evidence, and without functional tests in a per- 
fected and available form, it is important to introduce into therapeutic 
discussions the concept that a lung or a portion of a lung may be ?r- 
reparably destroyed by the disease so that it cannot be rehabilitated by 
any form of therapy; also that complications of the treatment employed 
may permanently destroy function. For the present, this verdict must 
be based on anatomicopathological grounds with the X-ray film the most 
important witness. 

With this concept in mind, methods of collapse may be divided into 
two groups—the reversible and the irreversible. If the disease process 
has not irreparably destroyed lung tissue, a reversible collapse is indi- 


1 Discussion of paper on Extrapleural Pneumothorax presented by Dr. Frank S. Dolley at a 
session of the Clinical Section at the 35th annual meeting of the National Tuberculosis Associa- 
tion, Boston, Massachusetts, June 28, 1939. 

2 Massachusetts General Hospital, Boston, Massachusetts. 


423 


424 EDWARD D. CHURCHILL 


cated. This may be found in artificial pneumothorax of short duration or 
temporary phrenic nerve paralysis. If the lung damage is irreparable, 
one is free to employ an irreversible method of collapse such as thoraco- , 
plasty or its various modifications. As a general rule, irreparably de- 
stroyed lung should not be collapsed by a reversible measure and per- 
manent collapse should not be created by a method that is temporary. 

The percentage of cases in which pneumothorax can fairly be con- 
sidered a reversible method of collapse on anatomicopathological grounds 
will vary with the selection of cases and the skill of the operator. In 
minimal disease treated for a short period of time and in the absence of 
pleural complications artificial pneumothorax may be considered re- 
versible. Skillfully managed cases of selective collapse may bring 
permanent collapse to irreparably damaged segments with reéxpansion 
of adjacent lobes, or normal segments within the same lobe. 

Entirely too many patients are seen in whom an artificial pneumo- 
thorax has become irreversible because of the failure to maintain selec- 
tive collapse, the development of pleural complications, or indefinitely 
prolonged treatment. Even if the pleural space becomes obliterated, 
the actual reéxpansion of functional lung tissue may be negligible. 
Many of these patients would be better off if the pneumothorax had 
been employed to attain the immediate goal of arresting the acute 
phase of the disease and then a shift made to thoracoplasty to give per- 
manent collapse of the apex and complete reéxpansion of the base. 

Turning to extrapleural pneumothorax with these criteria in mind, 
the question may be asked whether the collapse obtained is reversible 
or permanent. It is impossible to find a record of a case of extra- 
pleural pneumothorax in which the collapse has been voluntarily re- 
linquished by the operator and anatomical reéxpansion of a healed lung 
obtained. The operation must on present evidence, therefore, be classi- 
fied with thoracoplasty as an irreversible procedure, except in those 
cases in which the space is lost by uncontrollable and premature reéx- 
pansion with defeat of the therapeutic goal. In contrast to the selective 
collapse of intrapleural pneumothorax that allows the lower lobe to 
ascend and fill the space of a selectively collapsed upper lobe, oblitera- 
tion of an apical extrapleural pneumothorax space must be accomplished 
by a reéxpansion of the directly underlying segment of lung, just the 
area that was important to be collapsed. Being an irreversible pro- 
cedure, extrapleural pneumothorax is not to be considered in the same 
category with intrapleural pneumothorar. the latter, at least in ideal 
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cases, being reversible. It should be measured against thoracoplasty, 
and here lies the crux of the matter. The creation and maintenance of 
a space within the tissue planes of the human body by a foreign sub- 
stance, such as air, oil or paraffin, sooner or later lead to disaster. It 
should be employed only as a temporary measure. 

The production of an irreversible collapse by a method which, by its 
very nature, must needs be temporary only is the paradox of extra- 
pleural pneumothorax. It seems obvious that the procedure should not 
be used as an alternative to thoracoplasty. 

It is too dangerous a procedure to employ to arrest unstable disease 
and prepare a patient for thoracoplasty if there is a reasonable expecta- 
tion that this end can be attained by bed-rest alone or by bed-rest plus 
a temporary phrenic paralysis. 

In a small and carefully chosen group of cases unable to withstand 
thoracoplasty, extrapleural pneumothorax may prove useful as a tem- 
porary measure, to be followed by thoracoplasty at the first opportune 
moment. In other instances it may be offered solely as a palliative pro- 
cedure, accepting the hazards of an indefinitely maintained air-pocket 
or oil plomb. 

Prejudice against the “rib” operation leads patients to demand what 
to them seems a less drastic procedure than thoracoplasty. The ideal 
of a reéxpanded healed lung carries a strong emotional appeal both 
within the profession and among the laity. A definite percentage of 
intrapleural pneumothorax cases never achieves this result. Farber and 
Lincoln estimate that 5 per cent are left with a pleural dead space but 
give no figures for the additional cases in which elevation of the dia- 
phragm, shift of the mediastinum and retraction of the chest wall ob- 
literate the pleural space but the actual lung reéxpansion is minimal. 
There is no evidence at present to indicate that a reéxpanded healed 
lung can ever be achieved with extrapleural pneumothorax. 

Under these circumstances, physician and patient alike are pursuing 
an ignis fatuus that has the power to scorch and scorch badly, if a re- 
versible procedure is employed when an irreversible collapse is indicated, 
or if a temporary method is used to create what is in essence a perma- 
nent collapse. 


HAEMATOGENOUS TUBERCULOSIS WITH INVOLVE- 
MENT OF THE LARYNX! 


ABRAHAM G. COHEN 


It long has been considered a settled fact that tuberculous infections 
of the larynx develop secondary to advanced pulmonary disease as a 
result of the constant exposure of the laryngeal mucous membrane to 
large numbers of tubercle bacilli (bronchogenic infection). Although 
this probably obtains in the majority of cases, modern kriowledge of 
haematogenous tuberculosis has introduced the possibility of the blood- 
stream being a route of infection of the larynx as it is of the kidneys, 
bones, meninges, etc. 

The classical works on haematogenous tuberculosis do not mention 
involvement of the larynx; references to this type of infection appear 
chiefly in the foreign laryngological literature. No significant experi- 
mental work in this field appears to exist, and the available information 
from postmortem studies is very incomplete, so that the only evidence 
for the infection of the larynx by the haematogenous route is gleaned 
from clinical sources. In contrast to renal tuberculosis, in which the 
haematogenous mode of infection is indisputable, the pathogenesis of 
tuberculous laryngitis presents a more complex problem. This is made 
particularly difficult by virtue of the fact that there are no cases, either 
on record or reported here, in which the lungs have been found to be 
entirely free of postprimary tuberculous infection. Thus, in any indi- 
vidual case, the possibility of bronchogenic infection cannot be com- 
pletely excluded. Nevertheless, cases are seen in which the clinical 
picture and sequence of events are such that it can reasonably be de- 
duced that the larynx was infected through the blood-stream rather than 
bronchogenically from the lungs. 

Orszfgh and Karafidth (1), in 1925, noted the association of 
tuberculosis with the haematogenous type of pulmonary disease. Sa- 
franek (2), in 1929, found similar cases; many of these had other extra- 
pulmonary lesions. Aubry and Brodiez (3), and Galland and Rantureau 

1From the Division of Pulmonary Diseases, Montefiore Hospital, New York City, Dr. 
Max Pinner, Chief of Division. 
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(4), in 1931, described laryngeal tuberculosis in which the first symptoms 
noted by the patients were laryngeal and the roentgenographic changes 
in the lungs were minimal. The form-r authors considered the laryn- 
geal infection to be haematogenous; the latter favored another explana- 
tion which will be discussed below. Dobromylski (5), in 1933, found 21 
of 450 cases of laryngeal tuberculosis to have sputum free of tubercle 
bacilli. In these, the first symptoms were laryngeal, and roentgenograms 
of the lungs showed typical haematogenous lesions. Since then there 
has been a considerable number of reports of large series of cases; the 
paper of Dworetzky (6), in 1938, is the first in the American literature. 
It is the purpose of this paper to present cases of tuberculous laryn- 
gitis in which the clinical evidence points to the blood-stream as the 
route of infection, and then to analyze the characteristics of the local 
lesions and the general clinical course of cases of this type. The fol- 
lowing rather rigid criteria were used in the selection of these cases: 


1: Laryngeal symptoms appeared in either a previously healthy individual 
or in on2 with an apparently quiescent tuberculous pulmonary lesion. 
2: The sputum was free of tubercle bacilli (smears of concentrated specimens) 
at the time laryngeal tuberculosis was first detected. 
3: The roentgenogram of the chest showed typical haematogenous lesions 
with no visible cavitations. 

Additional evidence in some cases was: 
4: Presence of other extrapulmonary lesions (besides intestinal). 
5: Fairly recent miliary tuberculosis at necropsy. 


Eleven cases adhering to these criteria were found in this study, 
which covers all cases of tuberculous laryngitis seen at Montefiore Hos- 
pital over a period of six years. Of these, the following 4 cases are 


presented as examples. 


Case 1: Y.W., a woman of fifty, had pulmonary tuberculosis ten years pre- 
viously and was then free of symptoms until April, 1936 when she developed 
pain on swallowing which rapidly grew worse. She was admitted to a sana- 
torium in July. All sputa were negative. A roentgenogram showed an old 
fibrotic lesion in the right upper lobe; both lungs were densely studded with 
miliary infiltrations; no cavities were visible. Examination of the larynx 
showed oedema and thickening of the epiglottis with ulceration on the supe- 
rior surface; there was marked infiltration along the left aryepiglottic fold and 
induration around the left arytenoid; the vocal cords appeared normal. The 
pulmonary (figure 1) and laryngeal lesions progressed and the sputum turned 
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positive; in this condition she was transferred to Montefiore Hospital seven 
months later. Here she ran a persistently febrile course. The discovery 
of tubercle bacilli in the urine and the development of a syndrome suggestive 
of Addison’s disease were further evidence of haematogenous tuberculosis. 
She died two months after admission; no necropsy was performed. 


Case 2: V. S., a woman of thirty-three, was admitted to the Montefiore 
Country Sanatorium in February, 1932 with a right pneumothorax which had 
been induced for pulmonary tuberculosis two months previously. All sputa 
were negative, and laryngoscopic examination showed no abnormalities. 
The roentgen film showed a good collapse, with no visible cavities. Pneu- 
mothorax was continued at the sanatorium and later in the out-patient de- 
partment of Montefiore Hospital until May, 1935. At this time the patient 
developed progressive hoarseness; laryngoscopic examination revealed oedema 
of the left true cord. There were no pulmonary symptoms and roentgeno- 
grams of the lungs taken frequently were free of change until that of January, 
1936 which showed disseminated lesions throughout both lungs (figure 2). 
The pulmonary condition subsequently progressed and the sputum turned 
positive. The laryngeal lesion also became more severe and because of ex- 
tensive oedema of the arytenoids a tracheotomy became necessary in July. 
Following this procedure she developed a secondary mediastinitis and died 
three months later. Necropsy revealed, in addition to extensive pulmonary 
and laryngeal disease, fairly fresh tubercles in the liver, spleen and kidneys. 


Case 3: L. G., a man of thirty-four, developed hoarseness in the early part of 
1932 and tuberculous laryngitis was diagnosed. His left knee then became 


Fic. 1. Case 1. February 15, 1937. Roentgenogram showing disseminated tubercles 
throughout both lungs; there is a fibrotic lesion in the right subapical region. 

Fic. 2. Case 2. September 25, 1936. Roentgenogram showing disseminated tubercles 
throughout both lungs. Note tracheotomy tube and widened mediastinal shadow suggesting 
mediastinitis. 

Fic. 3. Case 3. December 1, 1935. Roentgenogram showing fibrocalcific lesions in 
subapical region of both lungs; there was no change in appearance during four years of ob- 
servation. 

Fic. 4A. Case 4. April 5, 1934. Roentgenogram showing disseminated lesions in upper 
lobe of both lungs, with no visible cavities. 

Fic. 4B. Case 4. February 15, 1935. Roentgenogram showing marked absorption of 
previous lesions. 

Fic. 5A. Case 5. May 18, 1936. Roentgenogram showing disseminated lesions in 
upper lobe of both lungs, with marked perifocal reaction; no cavities are visible. 

Fic. 5B. Case 5. May 21, 1937. Roentgenogram showing complete absorption of 
perifocal reaction, and replacement fibrosis. 

Fic. 6. Case 6. January 20, 1937. Roentgenogram showing disseminated lesions which 
appeared after cavities in both lungs had been present for some time. 
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swollen. He entered a sanatorium where sputum was found to be free of 
tubercle bacilli. There was tuberculosis of the larynx (details not available) 
and of the knee. A roentgenogram showed fibrocalcific lesions in the sub- 
apical region of both lungs with no visible cavities. He was admitted to 
Montefiore Hospital in November, 1933. Physical, roentgen (figure 3) and 
laboratory examinations revealed no appreciable change from the previous 
findings. Laryngoscopy showed several healed ulcers on the epiglottis; both 
true cords were thickened and red. Treatment was chiefly orthopedic. He 
subsequently developed urinary symptoms and tubercle bacilli were found in 
the urine. He was discharged in February, 1936. During this time there had 
been no appreciable change in the pulmonary or laryngeal lesion. It was 
later learned that some time after discharge he had developed a. tuberculous 
sinus of his sternum. 


Case 4: S. Z., a man of thirty-eight, developed a cough in 1927. At New 
York Hospital he was found to have a negative sputum; a roentgenogram of 
the chest showed mottling at the right apex and a left pleural effusion. He 
was then well until late in 1933 when his pulmonary symptoms returned. 
In February, 1934 he developed hoarseness and dysphagia and was admitted 
to Montefiore Hospital six weeks later. Laryngoscopic examination showed 
the right vocal cord to be covered by granulomatous tissue; there was thicken- 
ing and infiltration of the interarytenoid space. A roentgenogram showed 
miliary tubercles in both upper lobes, with no visible cavitation (figure 4A), 
and all sputa were negative. He improved considerably and was then well 
until August when he developed cerebral symptoms, leading to readmission in 
October. The laryngeal lesion appeared quiescent and less extensive. The 
roentgenogram showed considerable clearing of the original lesions (figure 
4B), and all sputa were negative. After two months’ study a craniotomy 
was performed and a tuberculoma of the cerebellum was removed. Post- 
operative tuberculous meningitis developed and he died one month later. 


As has been mentioned previously, other authors, on the basis of simi- 
lar cases, have concluded that the larynx can be infected through the 
blood-stream simultaneously with the lungs and other organs. The 
question naturally arises as to whether the laryngeal lesion, in at least 
some cases, could not be the primary lesion, that is, the portal of first 
entry of tubercle bacilli into the body. Although, in the vast majority 
of cases, this occurs in the lungs, there are instances where the first infec- 
tion takes place in the skin, conjunctivae, intestines or other organs. 
None of the writers on childhood tuberculosis mention the larynx in this 
category. Besides, in the cases described above, one would have to 
predicate a rate of spread from the larynx to the lungs not in keeping 
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with clinical and experimental facts. Sweany and Martinsen (7) recently 
studied a large series of necropsies from the view-point of the site of first 
infection and found no examples where this had occurred in the larynx. 
It may be said safely, therefore, that primary tuberculosis of the larynx, 
if it exists, must be very rare. 

Galland and Rantureau (4), in describing cases similar to those 
presented above, stated without further discussion that they believed 
the laryngeal infection to result from lymphatic spread from the lungs. 
Portmann and Retrouvey (8), on the basis of somewhat different ma- 
terial, came to the same conclusions. In 51 cases of unilateral pul- 
monary tuberculosis associated with laryngeal infection, the latter 
lesion was unilateral in 15 (ipsolateral in 10). They invoked the lym- 
phatic theory as the only way of explaining this ipsolateral group. This 
evidence hardly seems to be adequate to support the theory. Segre 
and Griva (9) summarized the evidence against the lymphatic theory. 
Against spread from the tonsils: (/) tubercle bacilli are not found in 
the tonsils in most cases of laryngeal tuberculosis; (2) the lymphatic 
supply of the larynx is poor; (3) the enlarged cervical nodes found in 
cases of laryngeal tuberculosis are those which drain the larynx rather 
than the pharynx. They stated that to assume the infection ascending 
from the lungs via the lymphatics, there would have to be a much more 
rapid rate than is generally noted in tuberculous lymphatic spread. It 
seems, therefore, that no adequate evidence has been presented to show 
that the larynx may become infected in this manner. 

A more serious objection to the haematogenous theory was offered 
by Brieger and Pagel (10). In cases similar to mine, in which no pul- 
monary cavities could be demonstrated by roentgenogram or at necropsy, 
they were able to show old caseous foci which in some instances com- 
municated with smaller bronchi. From this evidence they concluded 
that the route of infection of the larynx in these cases was bronchogenic 
from the lungs. It is, of course, not possible to absolutely contradict 
this conclusion, particularly since the evidence in favor of the haema- 
togenous route is purely clinical and, therefore, circumstantial. Never- 
theless, it will be agreed, I believe, that in cases of tuberculous laryngitis, 
appearing early in the course of a haematogenous dissemination, prior 
to the development of frank pulmonary cavitation and positive sputum, 
the greatest likelihood is that the larynx was infected through the blood- 
stream rather than bronchogenically, despite the fact that the laryngeal 
surface might have been exposed to sporadic bacilli discharged by small 
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caseous foci. The remainder of this paper will be devoted to an elabora- 
tion of the clinical characteristics of cases of the type described under 
the assumption that the laryngeal infections which occurred in them 
were haematogenous in origin. 


MATERIAL 


All cases of clinically diagnosed laryngeal tuberculosis (about 250) 
seen at Montefiore Hospital and Sanatorium during the past six years 
were reviewed; a few additional cases were included in which the lesions 
were first discovered at necropsy. No patients below the age of sixteen 
are admitted to the service. Every case with or without symptoms has 
a routine examination by a laryngologist soon after admission and there- 
after as often as indicated. The cases were reviewed from the view- 
point of the relationship of the laryngeal infection to the general clinical 
picture, particularly the pulmonary lesions. Data and, if possible, 
roentgen films were obtained from other institutions at which the pa- 
tients previously had been hospitalized. 

As noted above, there were 11 cases in which the rigid criteria for a 
haematogenous infection were fulfilled. Forty-four additional cases 
following a similar clinical pattern were found, but in which the sputum 


on admission (usually at least several months after onset) was positive. 
These 44 cases, of which the following is an example, added to the other 
11, comprise the haematogenous group (55 cases) which is to be analyzed 
below. 


Case 5: D. G., a man of forty-two, first noted loss of weight in March, 1936. 
A productive cough appeared one month later, followed shortly by pain in the 
throat and dysphagia. He was admitted to a sanatorium where severe laryn- 
geal tuberculosis was found. The sputum was positive but subsequently 
turned negative. A roentgenogram showed extensive disseminated tubercu- 
losis of both upper lobes with marked perifocal reaction; no cavities were 
visible (figure 5A). He remained at this sanatorium for eight months and 
was then transferred to Montefiore Hospital in April, 1937. Examination 
of the larynx showed both arytenoids and false cords to be oedematous; the 
true cords were red and inflamed. All sputa were negative. A roentgeno- 
gram, compared to the one previously taken, showed considerable fibrosis in 
both upper lobes; there was complete clearing of the exudative reaction (fig- 
ure 5B). During his ten months’ stay in the hospital his general condition 
was good, temperature was normal, all sputa were negative and the roent- 
genograms of the chest remained unchanged. There was persistent involve- 
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ment of the larynx for which he is now being treated in the out-patient de- 
partment. 


For purposes of comparison, cases were then selected in which it ap- 
peared certain that the larynx was infected by direct contact with in- 
fected sputum. The criteria used in this selection were: 


1: Initial pulmonary lesion unilateral 

2: Appearance of symptoms and signs of laryngeal tuberculosis only after 
cavitary lesions in the lung and positive sputum had been present for a long 
period of time 

3: Progressive nature of the pulmonary lesion 

4: Absence of other extrapulmonary involvement (besides intestinal) 


A great many cases which undoubtedly properly belong in this group 
were excluded because the earliest available roentgen film showed sym- 
metrical upper lobe lesions which possibly might originally have been 
haematogenous. The resulting group contains 33 cases (hereafter re- 
ferred to as nonhaematogenous or bronchogenic). 

It is seen that it was necessary to discard the great majority of cases 
studied because, at the time of admission to the hospital, the pulmonary 
condition was advanced too far to permit classification with one or the 


other groups in accordance with the criteria set up for them. Even in 
cases such as that presented below, where there was opportunity to 
observe the course from an early stage, before the appearance of the 
laryngeal lesion, both the haematogenous and bronchogenic factors 
existed collaterally in such a fashion as to make it impossible to place 
the cases definitely in one or the other group. 


Case 6: J. L., a man of fifty-two, diabetic, had a haemoptysis in December, 
1935. A roentgenogram showed an exudative lesion with a large cavity in 
the left lung. On admission to Montefiore Hospital in February, 1936 there 
was also a large cavity in the right lung. The sputum was positive. Laryngo- 
scopic examination was negative. Two months later he became hoarse. 
Examination showed a large gray mass on the left vocal cord and thickening 
of the interarytenoid space. Following this, roentgenograms showed progres- 
sive miliary seeding of both lungs (figure 6). In October he developed tu- 
berculous epididymitis and died of tuberculous meningitis in February, 1937. 
Necropsy showed miliary tuberculosis involving the lungs, liver, spleen, 
kidneys, prostate, epididymes, seminal vesicles and meninges; there were 
large cavities in both lungs. 
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INCIDENCE 


The literature contains the following statistics on the incidence of 
haematogenous type of infection in several large series of tuberculous 
laryngitis studied from the view-point of the pulmonary lesions: 


Sylla (11) 40% of 125 cases 
Bruggemann and Arold (12) 22% of 289 cases 
Menzel (13) 20% of 515 cases 
Wessely (14) 11% of 1,044 cases 
Kagan (15) 22% of 93 cases 
Safranek (2) over 20% of : 800 cases 


For reasons stated above, I have been unable to subject my total 
material to this sort of statistical analysis. Unless the authors quoted 
were able to see their cases at a much earlier stage than we do, it is dif- 


TABLE 1 
Distribution of laryngeal lesions as seen on admission 


HAEMATOGENOUS BRONCHOGENIC 
(55 CASES) (33 cAsEs) 


Epiglottis 72.7% 3.0% 
Aryepiglottic folds 10.9% 0.0% 
Arytenoids 54.5% 27.3% 
Interarytenoid space 14.5% 45.5% 
True cords 50.9% 84.8% 
20.6% 15.2% 
23.6% 0.0% 


ficult to see how their figures can be accurate. Nevertheless, considering 
all of my cases of tuberculous laryngitis, the incidence of the haema- 
togenous type of infection is probably about 30 to 40 per cent. 


LARYNGEAL LESIONS 


There now exists a fairly extensive literature concerning the predilec- 
tion of the haematogenous group for certain portions of the larynx. 
Aubry and Brodiez (3) noted that in the haematogenous group chiefly 
the false cords and frequently the epiglottis were involved as compared 
to the true cords and interarytenoid space in the bronchogenic type. 
Bruggemann and Arold (12) noted that in 65 haematogenous cases the 
extrinsic portion of the larynx (epiglottis, aryepiglottic folds, arytenoids) 
was involved initially in 26, the extrinsic and intrinsic portions in 38, and 
intrinsic (true cords, false cords, posterior wall) alone in only one. In 
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205 nonhaematogenous cases the infection was extrinsic alone in 7, 
extrinsic and intrinsic in 48, and intrinsic in 150. They quote the 
anatomical studies of Spiess who found the extrinsic portions to be much 
richer in blood supply. In infections of both types, as the disease pro- 
gressed, there was spread inward in one, outward in the other. Menzel 
(13) likewise noted the predominance of extrinsic involvement in the 
haematogenous group. 

In discussing my own material, it is again desirable to emphasize 
that I am analyzing selected cases, and that even in many of these the 
laryngeal lesions had undoubtedly spread locally by the time the patients 
entered our hospital. Table 1 shows the incidence of involvement of 
the various parts of the larynx as noted on admission in the two groups. 
It can be seen that the extrinsic structures (epiglottis, aryepiglottic 
folds and arytenoids) were involved much more frequently in the haema- 
togenous group, while the intrinsic structures (true cords and inter- 
arytenoid space) predominate in the other. The false cords were affected 
about equally in both. It must be borne in mind that in some cases 
with severe epiglottic involvement, the interior of the larynx cannot be 
visualized by indirect examination, so that perhaps the incidence of 
involvement of the true and false cords in the first group is underes- 
timated. In two of the haematogenous cases the epiglottic lesion later 
improved while the remainder of the larynx continued actively diseased. 
The symmetry of the laryngeal lesions in the haematogenous group, 
contrasted with asymmetry in the bronchogenic, is commented upon 
in the literature (16); no attempt was made to review this aspect in 
this study. 

Table 2 shows an analysis of the lesions from the view-point of the 
two major divisions of the larynx. It is again seen that extrinsic in- 
volvement predominates in the haematogenous, and intrinsic lesions 
in the bronchogenic group. It is to be noted nevertheless that a pure 
intrinsic lesion is suggestive, but not pathognomonic of a bronchogenic 
lesion, since a small number of haematogenous cases also have initial 
intrinsic involvement. Purely extrinsic lesions, on the other hand, 
were seen only in the haematogenous type, with the exception of one 
case (the inclusion of this case in the bronchogenic group is open to 
some question). 

Rubin (17) and Darlington and Salman (18), in previous contributions 
from this hospital, have emphasized the haematogenous origin of oral 
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and pharyngeal tuberculous lesions. The high incidence (23.6 per cent) 
of these lesions in the haematogenous group, contrasted with their 
absence in the bronchogenic (table 1), is quite striking. 

Daschewskaja and Dobromylski (19) working from the opposite view- 
point selected cases of only extrinsic involvement for analysis and came 
to the conclusion that these were all haematogenous in origin. Of 74 
such cases they found 34 to be typical of the haematogenous type de- 
scribed in this paper. The remaining 40 were patients with known 
pulmonary tuberculosis who subsequently developed laryngeal disease; 
necropsy showed tubercles in various organs. The age of these tubercles 
is not stated, but the authors’ interpretation was that the larynx was 
infected during a preterminal haematogenous dissemination. 

As mentioned previously, no attempt was made to study statistically 
the great majority of cases since these entered the hospital with advanced 


TABLE 2 
Distribution of lesions according to divisions of larynx 


HAEMATOGENOUS BRONCHOGENIC 


Extrinsic 30.9% 3.0% 
Extrinsic and intrinsic 54.6% 24.3% 
Intrinsic 14.5% 72.7% 


100.0% 100.0% 


pulmonary and laryngeal disease. Nevertheless, it seemed desirable 
to analyze the total material in a manner somewhat similar to that of 
these authors. Since the selection of cases showing initial extrinsic 
lesions only would cause too great a numerical limitation, it was decided 
to select all cases showing lesions of the epiglottis, whether present 
initially or later, and whether existing alone or with involvement of 
other parts of the larynx. Altogether this lesion was found in 85 cases 
of a total of about 250. Of these, 45 belong to the group of 55 haematog- 
enous cases forming the basis of this paper; 16 more followed the same 
pattern, but were not included in the original group because sufficiently 
early data were not available; one case is from the bronchogenic group, 
though the absence of early roentgenograms makes this open to question. 
“» The remaining 23 cases were difficult to classify. The earliest roent- 
gen films’ available for study showed bilateral, symmetrical, upper lobe 
lesions,” suggesting an original haematogenous origin, but, in all, the 
laryngeal lesion had appeared a considerable time after the existence 
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of cavitation and positive sputum. There is therefore obvious justifica- 
tion for considering the laryngeal lesions bronchogenic in origin; on 
the other hand, the haematogenous route cannot be entirely excluded. 
In only a few (for example, case 5) was there evidence of a new or pre- 
terminal dissemination, as noted by Daschewskaja and Dobromylski 
(19) in 40 of their 74 cases of extrinsic laryngeal involvement. However, 
it is possible to assume that the larynx was invaded simultaneously 
with the lungs during a haematogenous spread, the former infection 
then lying dormant for a long time. Exacerbation of old, quiescent, 
haematogenous lesions is not an uncommon occurrence in the lungs and 
kidneys. Rich and McCordock (20) have demonstrated the réle of 
similar events in the pathogenesis of tuberculous meningitis. Both 
Menzel (13) and Freystadtl (21) cited cases of miliary tuberculosis with- 
out laryngeal symptoms in which small tubercles were seen in the mucous 
membrane; in the more favorable cases, these healed with the formation 
of fine scars. Elsewhere in this paper it is noted that, in many cases of 
laryngeal tuberculosis of the haematogenous group with quiescent pul- 
monary lesions and negative sputum (for example, case 7), the course is 
marked by exacerbations and remissions of the original laryngeal lesion. 
It is thus readily conceivable that, in at least some of this group of 23 
cases, the laryngeal lesion represents an exacerbation of a previously 
asymptomatic and undetected focus dating back to an old haematogenous 
dissemination. In any individual case of this kind, however, it is only 
possible to speculate on the pathogenesis. 

Thus, in 85 cases of tuberculosis of the epiglottis, the clinical evidence 
in 61 indicates a haematogenous origin; in 23 more, in which early data 
are lacking, there is at least the theoretical possibility of infection having 
occurred via the blood-stream. This evidence, coupled with that cited 
at the beginning of this section, confirms the experience of previous 
authors. In the haematogenous type of tuberculous laryngitis, there 
is a predilection for the extrinsic portions of the larynx, while in the 
bronchogenic type, the intrinsic portions are most frequently involved. 
Purely intrinsic lesions, while most frequently bronchogenic, are seen 
in a small portion of haematogenous cases. Exclusively extrinsic lesions, 
however, are practically pathognomonic of a haematogenous infection. 


CLINICAL COURSE 


When it is kept in mind that,in a haematogenous spread involving the 
larynx, this organ and the lungs are involved at approximately the 
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same time, it might be expected that the onset of symptoms referable to 
disease of these organs should occur within a short time of each other. 
However, there is opportunity for considerable variation in this respect, 
since the invasion of an organ may precede the development of symptoms 
by many months (due to the location of tubercles in relatively non- 
symptom-producing portions), or the lesions may heal without causing 
any symptoms at all. For instance, case 2 was followed with repeated 
roentgen films of the lungs after the appearance of the laryngeal lesion; 
nevertheless, six months elapsed before evidence of a haematogenous 
spread could be seen, and even then there were no pulmonary symptoms. 
On the other hand, 3 cases while under observation did not have laryngeal 
symptoms until several months after evidence of a new dissemination 
was demonstrated roentgenographically. 

In the bronchogenic cases, the development of laryngeal symptoms 
was often insidious, and frequently lesions were discovered accidentally 
on routine examination. On the contrary, in the haematogenous group, 
the onset was usually sudden and acute; occurring in previously well 
patients, it is not surprising that the true nature of the disease was often 
overlooked by both patients and physicians for many months; in 2 
tonsillectomy was performed erroneously. ; 

The relative onset of pulmonary and laryngeal symptoms in the group 
of 55 haematogenous cases was as follows: 


Old pleurisy or quiescent pulmonary tuberculosis; acute laryngeal preceding new 
Simultaneous laryngeal and pulmonary. 7 
Pulmonary preceded laryngeal (less than one year)..................0000005- 9 
Short pulmonary, negative laryngeal history...................ceeeeceeeees 4 
55 


It is generally stated that the prognosis in laryngeal tuberculosis 
depends upon the course of the pulmonary infection; it is likewise said 
that the advent of laryngeal disease in a case of pulmonary tuberculosis 
adversely affects the prognosis. These statements are undoubtedly 
true in most cases of the bronchogenic type, although infrequently in 
cases of this group the laryngeal lesion improves despite the progressive 
nature of the pulmonary condition. However, the course and prognosis 
in the haematogenous type are dependent upon other factors. Besides 
the frequent occurrence of death from acute and chronic miliary tuber- 
culosis, there is always the possibility and even the likelihood of progres- 
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sive disease in one or more organs, particularly the lungs, even if dis- 
semination should cease. On the other hand, there is increasing evidence 
of the existence of more benign types of haematogenous tuberculosis 
which are by no means necessarily fatal or progressive. 

Accordingly, it is not surprising that both the cases described by the 
various authors quoted, and those included in this study, should vary 
greatly in their extralaryngeal manifestations and clinical course. The 
outcome of the 55 cases in this series was as follows: 


I. Died 33 
B. Progressive pulmonary tuberculosis......................0005: 11 
II. Discharged living 22 
A. Progressive pulmonary and laryngeal tuberculosis............... 5 
B. Fibroid tuberculosis with occasional positive sputum, active 
4 
1. Present laryngeal status unknown..................... 2 
3. Active tuberculous laryngitis...................5e000. 9 


A. Tuberculous bacillaemia: This group, containing 35 per cent, ran 
the typical course of acute, subacute or chronic miliary tuberculosis. 
The period of survival after onset of laryngeal symptoms ranged from 
two months to four years, most patients succumbing in less than a year. 
Many showed clinical manifestations of extrapulmonary disease during 
life; in several, involvement of the kidneys, suprarenals (case 1), or 
meninges (cases 4 and 6) contributed to the lethal outcome. The 
roentgen films showed typical miliary lesions often with marked perifocal 
reaction but minimal fibrosis. In most of those in which necropsies 
were performed there was wide-spread disseminated tuberculosis. This 
type is best illustrated by case 1. 

B. Progressive pulmonary tuberculosis: In these patients (20 per cent), 
the outstanding clinical manifestations of the haematogenous invasion 
were laryngeal and pulmonary, and it was the progressive nature of the 
latter which chiefly led to the fatal outcome. In all, the laryngeal 
lesion was likewise progressive. As would be expected, the average 
length of survival after the onset was greater than in the bacillaemia 
group, ranging from nine months to five years; correspondingly, the 
roentgenograms often showed considerable fibrosis in addition to casea- 
tion and cavitation. In the group of patients alive at the time of dis- 
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charge, to be discussed below, there was a number of cases having pro- 
gressive pulmonary disease which probably will be added to this list 
eventually. 

C. Laryngeal tuberculosis: These three cases (5 per cent) had progres- 
sive pulmonary disease. However, the laryngeal lesion was so severe 
that it was felt that the patients’ lives were shortened considerably as 
a result. This does not mean, of course, that many cases in the other 
groups did not have very severe laryngeal lesions. Two of these patients 
literally starved to death. In the third (case 2), a tracheotomy had 
to be performed and the secondary mediastinitis which developed 
shortened her life considerably. In the entire series there were no fatal- 
ities from laryngeal tuberculosis per se in which it could reasonably be 
felt that the patient might otherwise have survived. 

Patients living: Of the group of 55 haematogenous cases 22 (40 per 
cent) were known tobe alive at the time of writing. Not all were dis- 
charged in a quiescent state; some left to go to sanatoria where they 
still are confined. Four are still in the hospital. Of this entire group, 
5, when last heard from, were suffering from progressive pulmonary 
and laryngeal disease; these patients have been alive two months to 
eight and a half years after the onset of laryngeal symptoms. In another 
subgroup of 4 cases the course has been typical of chronic fibroid tuber- 
culosis with slight caseation and ulceration, the sputum sporadically 
yielding tubercle bacilli; these patients have been alive five to eight 
years; all have active laryngeal disease. 

The remaining 13 patients can be considered to have quiescent pul- 
monary lesions; these patients have been alive three to seventeen years 
after the onset of the laryngeal disease, the average being eight years; 
most of them have had negative sputum for the larger and latter part 
of this time. Two of them (for example, case 3) were never known to 
have had a positive sputum; roentgenographically they show bilateral, 
minimal, subapical nodular lesions (figure 3). The other 11 show ex- 
tensive bilateral fibroid disease, often with disseminated tubercles below 
the fibrotic areas. When early films were available, some taken at 
the time sputum was positive, it was noted that many showed small 
cavities, which later healed by fibrosis; in one, cavity closure was brought 
about by pneumothorax. In several patients (for example, case 5, 
figure 5) it was possible to obtain early films showing disseminated lesions 
before they progressed to the stage of fibrosis. 

Despite the apparent quiescence of the pulmonary lesions in these 
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13 cases, the course of the laryngeal lesion was usually not so fortunate. 
In 2, the disease at present appears inactive, and in 2 more, satisfactory 
follow-up data are not available. The remaining 9 still have active 
laryngeal disease despite the fact that the sputum has been negative 
for a long period of time (for example, case 5). In some of these the 
course has been marked by periodic exacerbations and remissions of the 
laryngeal lesion. The following case illustrates this sequence of events. 


Case 7: W. F., a male physician of fifty-two, developed pulmonary symptoms 
in 1910. Sputum was positive. He remained in a sanatorium for a time, 
and was discharged as quiescent with a negative sputum. He was then per- 
fectly well until 1923, following an active professional career, when he sud- 
denly developed symptoms leading to the diagnosis of tuberculosis of the 
larynx. A roentgenogram of the chest showed a tuberculous lesion but the 
sputum was negative. He improved under sanatorium treatment, and was 
then again perfectly well until 1938, when laryngeal symptoms reappeared. 
He entered the Montefiore Hospital Country Sanatorium in July. Examina- 
tion of the larynx showed the true and false cords to be thickened and rough- 
ened. Roentgenograms showed a fine granular appearance in both upper 
lobes, with no visible cavities. The sputum which at first was negative later 
became positive, the organisms most likely originating from a pulmonary focus 
not detectable roentgenographically. 


Much has been written about the treatment of tuberculous laryngitis, 
a discussion of which is beyond the scope of this paper. Practically all 
the cases in the bronchogenic group died within a year or two after the 
development of the laryngeal lesion; the few survivors are all progressive. 
In none were pulmonary collapse measures or local therapy of the larynx 
of any avail. Although the debilitating effect of the laryngeal lesion 
was undoubtedly a factor in hastening the lethal outcome, it is likely, 
considering the advanced state of the pulmonary disease at the time 
of the appearance of the laryngitis, that this event was but an incident 
in the course of a progressive disease. In the haematogenous group it 
is seen that the sequence of events is somewhat different and that the 
prognosis is not absolutely hopeless. The majority died, or are dying 
of the immediate toxic effects of the blood-stream invasion, or of its 
more remote consequences, both pulmonary and extrapulmonary. Here 
again, the laryngeal lesion was but an incident in the course of a gener- 
alized disease. There remain, however, about 25 per cent of the cases 
in the haematogenous group in which active dissemination appears to 
have ceased, and the pulmonary condition healed or is healing, but in 
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most of which the larynx remains actively diseased. It is in these cases 
alone that active therapeutic measures designed to heal the larynx can 
possibly hope to succeed. 


SUMMARY 


1. On the basis of evidence gleaned from clinical sources, it is con- 
cluded that, in some cases of tuberculous laryngitis, infection takes place 
via the blood-stream rather than bronchogenically from cavitary lesions 
in the lungs. 

2. Although in most cases, when first seen, the pulmonary lesion is 
too far advanced to permit of classification, it is estimated that 30 to 
40 per cent of all cases of tuberculous laryngitis are haematogenous 
in origin. 

3. In the haematogenous type there is a predilection for the extrinsic 
portions of the larynx (epiglottis, arytenoids, aryepiglottic folds), while 
in the bronchogenic group the intrinsic portions (true cords, inter- 
arytenoid space) are most frequently involved; strictly intrinsic lesions 
are occasionally seen in bronchogenic cases, but purely extrinsic involve- 
ment is almost pathognomonic of a haematogenous infection. 

4. The clinical and roentgenographic features in the haematogenous 
type present the same variety of manifestations as do cases of haema- 
togenous tuberculosis without laryngeal involvement. 

5. Laryngeal symptoms usually appear suddenly in previously well 
individuals or in those with a quiescent tuberculous lesion of the lung; 
pulmonary and other manifestations of the haematogenous dissemina- 
tion usually appear later. 

6. The majority of cases succumb to the immediate toxic effects of 
bacillaemia, or to the more remote consequences, particularly progressive 
pulmonary tuberculosis; there are no cases of death from tuberculous 
laryngitis, per se. 

7. Unlike the bronchogenic type which is almost always fatal, about 
25 per cent of the haematogenous cases survive and achieve quiescence 
of the pulmonary lesions; in most of these, the larynx remains diseased, 
with alternating periods of remission and exacerbation. 

8. Therapeutic measures applied to the larynx have the greatest 
chance of succeeding in this latter group. 


The author wishes to express his appreciation to Dr. A. A. Schwartz and his associates of 
the Otolaryngological Service. 
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THE PHYSICIAN IN TUBERCULOSIS CASE-FINDING! 
EZRA BRIDGE anp ARELYN THURSTON 


Discovery of new, active cases of tuberculosis is an important objec- 
tive in any problem of tuberculosis control. The study here reported 
concerns the discovery of 1,000 such cases at the clinic of Iola~-Monroe 
County Tuberculosis Sanatorium. It shows the relative importance 
of physicians as a source of such cases; it compares the stage of disease 
found in the patients from physicians with that found from other sources; 
it contrasts examinations for physicians with those done on contacts; 
and it shows the cost per case for each method. 

Since the opening of the Sanatorium in 1910 the tuberculosis death 
rate in this Monroe County has decreased from 138 per 100,000 popula- 
tion to 35.1 for 1937. In upper New York State in the same period it 
has dropped from 143.8 per 100,000 population to 42.1. 

For twenty-one years the Sanatorium has operated a clinic for the 
diagnosis and treatment of tuberculosis. This service is available with- 
out charge to the 423,881 residents of the county which has an area of 
682 square miles including the City of Rochester with a population of 
328,132. These residents are served by about 650 physicians and eight 
general hospitals with 2,023 beds, and five general medical clinics. 

In this study no special group was selected. The cases were taken 
in chronological order. Of the 1,000 cases 56 per cent are males, and 
44 per cent are females. Only 2.5 per cent are under ten years of age. 
The median age is forty for males and twenty-eight for females; for both 
sexes, thirty-four years. 


SOURCE OF CASES 


These cases came to this clinic through private physicians, other clinics, 
departments of health and professional and lay organizations in the 
public health field. Physicians referred 67 per cent of the thousand, 
other agencies 33 per cent. 

A study of the examinees referred by physicians shows the tuberculosis 
case rate in this group to be 6 per 100 examined, which is high. It also 


1 From Iola-Monroe County Sanatorium, Rochester, New York. 
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shows that 65 per cent of the 13,310 persons examined for the first time 
during these five years, and from which these 1,000 cases came, were sent 
by physicians. 

Of these two findings, the case incidence rate is the more significant. 
It points definitely to the value of the practicing physician as a source of 
active cases. 


STAGE OF DISEASE 


The stage of disease of these 1,000 active cases was 43.3 per cent mini- 
mal, 30.3 per cent moderately advanced, 21 per cent advanced, 4 per cent 
primary infection type, and 1.4 per cent nonpulmonary tuberculosis. 

The 670 cases referred by private physicians showed 43 per cent in the 
minimal stage, 32 per cent moderately advanced, 22 per cent advanced, 
2 per cent primary infection type and 1 per cent nonpulmonary tu- 
berculosis. 

From all other sources, except physicians, 44 per cent were minimal, 
24 per cent moderately advanced, 20 per cent advanced, 10 per cent 
primary infection type, and 2 per cent nonpulmonary tuberculosis. 

The percentage of minimal cases found is a yardstick of the effective- 
ness of a control program. The difference between the minimal cases in 
the physicians’ group (43 per cent) and those in all other groups (44 per 


cent) is too small to be significant. Both are high enough to be 
satisfactory. 


CONTACTS 


Examination of persons living with active tuberculosis is another 
accepted method of finding new cases. In the series under discussion 
only 24 per cent of the 1,000 gave a definite history of such contact. 
This means that if history of contact had been the prerogative of exami- 
nation it would have been necessary for the clinic to have examined four 
times as many individuals to have found the 1,000 and nearly three 
times as many to have found the 670 sent by physicians. 

The case incidence in this clinic of contact examinations made for the 
first time is 3.8 active cases per 100. Yearly reéxamination of contacts 
yields 0.7 per 100. First examinations and reéxaminations combined 
only have a case incidence of 1.7 per 100. Patients referred by physi- 
cians have a case incidence rate of 6 per 100. 

A comparison of these case incidence rates shows the rate for contacts 
examined for the first time is five and one-half times greater than the 
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rate for reéxamination of contacts; that the rate for the physicians’ group 
is 1.7 times greater than that for contacts examined for the first time; 
and that the rate for physicians is three and one-third times greater 
than that for all contact examinations. 

These figures indicate that it is easier to find active tuberculosis 
through examinations for physicians than by examining contacts. 


COST PER CASE FOUND 


In these days of difficulty with budgets and of decreasing death rates 
from tuberculosis, the cost of finding an active case of tuberculosis 
compels attention. In this clinic the cost per examination is $2.25. 
In the physicians’ group $225.00 paid for finding 6 cases; in the contact 
group examined for the first time the same amount of money paid for 
finding 3.8 cases; in the total contact group the same amount of money 
paid for finding 1.7 cases. The benefit accruing from examining patients 
from physicians is obvious when the discovery of hundreds of cases is 
considered. 


CONCLUSIONS 


The physicians in a community must not be neglected in the fight 


against tuberculosis. Examination of their dependent patients at a free, 
local clinic should be easily obtained. This is urged because, when 
compared with the result of examining contacts, physicians refer more 
active cases per hundred examined; a high percentage of their patients 
come to the clinic in an early stage of the disease; and finally the cost 
per case found is lower in their group. 


THE CHANGING PROGNOSIS IN PULMONARY 
TUBERCULOSIS: 


A Study of Fatality Rates among Patients Discharged from the Trudeau Sanatorium 
EMIL BOGEN? 


In considering the effect of tuberculosis on the expectation of life, the 
most valuable information so far available has been that derived from 
the experience of the Trudeau Sanatorium, formerly called the Adiron- 
dack Sanatorium, at Saranac Lake, New York. This institution is not 
only the first sanatorium for tuberculosis in the United States, with rec- 
ords that extend back over half a century (1), but has, during all this 
time, stood in the forefront because of the excellence of its physicians 
and the high type of patients treated there, so that the very best results 
might be expected from groups discharged from this institution. The 
fact that large numbers of doctors, nurses and other intelligent persons 
have been attracted to take the cure at Saranac Lake has added to the 
quality of its patients and testifies to the high reputation of the institu- 
tion (2). 


REVIEW OF PREVIOUS PUBLICATIONS 


Numerous studies have been made of the experience of Trudeau 
Sanatorium from the time of Doctor Trudeau to the present, and these 
publications have done much to establish the accepted ideas and stand- 
ards among American phthisiologists. A comparison of the figures pub- 
lished from this institution during the past half century yields significant 
indications of changes in the expectation of life of patients treated for 
tuberculosis, as well as differences in expectation for different groups of 
cases. 

The data have been given in most studies in terms of the number of 
deaths that had occurred among patients followed for varying periods of 
time up to a certain date. Such raw mortality figures can be com- 
pared with those for the same group at different times, or with the cor- 


1 This study was made with the aid of W.P.A. Project 465-03-3-613, for which thanks are 
hereby tendered. 
2 Olive View Sanatorium, Olive View, California. 
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responding data for other groups by reducing the data to the same com- 
mon denominator, such as the number of deaths per hundred patient 
years of observation. 

The longer a group of patients is followed the greater will be the total 
number who have died and the smaller the number remaining each 
year. Consequently, if the fatality rate among survivors remains con- 
stant, the number of deaths occurring annually must decrease. The 
fraction remaining alive after one year (r) will be equal to 1 minus the 
fraction who died during the year. At any constant death rate (d) = 
(1 — r), the fraction dying in the second year would then be (d) times 
(r). The fraction surviving two years will then be (r) — (d) (r) = 
r (1 — d), or (r)?. Similarly, the proportion surviving n years will be 
(r)". 

The nth root of the percentage remaining alive n years after the be- 
ginning of observation will give the proportion of all cases still followed 
at the beginning of any year who will still remain alive at the end of that 
year, or the average annual survivorship rate. This number subtracted 
from 100 per cent leaves the annual average death rate. Since the num- 
ber of patients admitted to most sanatoria, including Trudeau, has been 
continuously increasing from the beginning, it seems better, whenever 
information is available, to consider the average period of beginning of 
follow-up for such a group as the year by which follow-up of half the 
patients has been begun. 

The death rate in tuberculosis is so dependent on the extent of disease 
in the patients studied that comparison of the total average annual death 
rates of groups of different stage distribution would be misleading. 
Comparison of stage specific rates is more significant, but cumbersome. 
A simple index of the fatality rate in any group is the average of the 
three stage specific rates, which represents that which would occur in a 
population consisting of equal numbers of minimal, moderate and far 
advanced patients. 

In 1900 Doctor Trudeau (3) reported that “of the 1,176 patients dis- 
charged alive about one-half are still living.” The annual reports show 
that half of the 1,176 patients had been discharged within six years of 
1899. The crude rate of 50 per cent dying altogether corresponds to an 
average annual rate of 10.5 per cent per annum. 

In 1903 Doctor Brown (4) reported the results in the first 1,500 pa- 
tients discharged from 1885 to 1901, and followed from one to seventeen 
years after discharge. He found mortality rates of 21, 52 and 90 per 
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cent, respectively, for the patients in the three stages traced, or an 
average of 54 per cent for the entire group. Since half of the patients 
had been discharged within the last seven years, the average annual 
fatality rates would be: minimal 3.2, moderately advanced 9.5 and far 
advanced 27 per cent, or a combined rate of 13.2 per cent for a group 
with equal numbers of patients in the three stages. 

In 1904 Doctor Brown and Mr. E. C. Pope reported almost the same 
group of patients, followed one more year (5), and found crude mortality 
rates of minimal 17 per cent, moderately advanced 51 per cent, far ad- 
vanced 91 per cent. If we consider these patients to have been fol- 
lowed for eight years, these crude figures give average annual rates of 
minimal 2.3 per cent, moderately advanced 8.5 per cent, far advanced 
25.5 per cent, and a combined rate of 12.1 per cent. 

In 1908 Brown and Pope (6, 7, 8) reported the condition of patients 
admitted from 1865 to 1906, inclusive, thus giving three additional 
years of observation and about 600 more cases observed. Calculation 
from the data given in this report yields average annual death rates of 
2.2 per cent for minimal, 7.8 per cent moderate, 28.0 per cent far ad- 
vanced, and a combined rate of 12.7 per cent for the three stages. 

In 1913 Elderton and Perry published a report (9) covering the first 
3,000 patients discharged from the Adirondack Cottage Sanatorium be- 
tween 1885 and 1909. 

The results are expressed in terms of the ratio of actual to expected 
mortality but it is possible to recalculate rates, similar to those pre- 
viously discussed, from the tables in the appendix. This yields average 
annual death rates of minimal 2.2 per cent, moderate 8.6 per cent and 
far advanced 25.0 per cent, with a combined rate of 11.9 per cent. The 
mortality of recent cases was lower than that of earlier discharges. 

In 1919 Doctor Heise reported on the condition of patients twenty 
years after discharge from the Trudeau Sanatorium (10). These must 
have been substantially the same individuals described in the earlier 
reports, approximately all those discharged from 1885 to 1898. The 
crude death ratios reported here correspond approximately to annual 
rates of minimal 3.5 per cent, moderately advanced 10.5 per cent, far 
advanced 15.5 per cent, and a combined rate of 9.8 per cent. These 
figures indicate a lower death rate in the twenty years since the first 
report. 

In 1917 Doctor Heise reported results in 1,342 patients of minimal 
and moderate stage only (11), discharged between 1897 and 1905, 
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followed from ten to nineteen years since discharge, or an average of 
fourteen and one-half years, which give annual rates of minimals 1.6 
per cent, moderately advanced 6 per cent. These rates suggest a slight 
decline in patients followed since the previous studies. 

A study published by Francis Trudeau in 1920 (12), and another with 
essentially the same data in 1923 (13), show a lower death rate for 
patients discharged from 1907 to 1916 as followed in 1918, averaging: 
minimals 1.0 per cent, moderately advanced 4.0 per cent and far ad- 
vanced 9.7 per cent. 

In 1925 Doctors Heise and Brown published a paper summarizing the 
results in 5,478 patients with pulmonary tuberculosis, with an average 
period of observation of about fifteen years, giving annual rates of 
1.7, 3.8 and 7.7 per cent, respectively. These rates are again lower than 
in earlier reports. 

In 1933 Doctor Heise published a paper on the condition, in 1931, of 
the patients discharged from Trudeau Sanatorium from 1916 to 1930 
(15), an average of about seven years’ observation. He found rates 
corresponding to 1.0, 2.8 and 11 per cent per year in 3,248 cases traced, 
rates lower than those published in the earlier reports. 

In 1939 H. L. Sampson (16) reviewed the mortality for six years after 
discharge in 6,266 patients between 1905 and 1935. His data for the 
entire period indicate annual rates of minimal 0.8 per cent, moderately 
advanced 2.8 per cent, far advanced 10.0 per cent, and a combined rate 
of 4.5 per cent, figures essentially consistent with those of other reports 
covering this period. His first conclusion that “‘the fatality rate of pul- 
monary tuberculosis at the end of six years has been steadily reduced in 
the patients of Trudeau Sanatorium” appears even more strongly when 
the data are reduced to annual average rates. His other conclusion that 
cases are being diagnosed earlier in more recent years, however, does not 
seem to follow from the data which his own tables and charts represent. 

This review of ten different published studies of patients followed after 
discharge from the Trudeau Sanatorium shows that the average annual 
death rate for minimal cases has been from 1 to 3 per cent, moderately 
advanced cases 3 to 10 per cent and far advanced cases 10 to 35 per cent. 
In general, the ratio of risk for the three stages has shown little change. 
The risk for moderately advanced cases is about three times that of the 
minimal cases, while that for far advanced cases is nearer ten times this 
figure (table 1). 

The rates in all three stages have declined persistently and continu- 
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TABLE 1 


Trudeau studies published 


BROWN 


BROWN 
AND POPE 


BROWN 
AND POPE 


ELDERTON 
AND 
PERRY 


HEISE 


HEISE 


TRUDEAU 
NTA 


HEISE AND 
BROWN 


HEISE AND 
HENNIGER 


SAMPSON 


Year published 
Year discharged 


Average years followed.... 


Minimal 


Annual rate. . 


Far advanced 


1903 


{1885-1901 


1904 
1885-1903 


1908 
1885-1906 


1913 
1885-1910 


1917 
1897-1906 


14.5 


1919 
1885-1898 


1920-23 
1907-1913 


1925 
1885-1922 


1933 
1916-1930 


1939 
1905-1935 
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ously from 1885 to the last report, so that almost each study shows lower 
rates than the preceding one, indicating that the death rate in these 
cases is lower now than ever before. The reasons for this decline may 
reside either in the type of care given in theinstitution or in the condition 
of the patients at the time of discharge, or in the conditions after dis- 
charge, such as lowered reinfection rate, better after-care, better eco- 
nomic and nutritional status, etc. The fact that the actual annual 
case fatality rates have actually and markedly declined deserves em- 
phasis in view of the contrary conclusions which have been advanced 


(1 7) . 
CALCULATIONS FROM ANNUAL REPORT DATA 


The reports of the Trudeau Sanatorium from 1917 to 1937, inclusive, 
contain a vast amount of data concerning the fate of the patients treated 
in that institution. Much of these data have been published in sufficient 
detail, especially before the depression, to make possible intensive analy- 
sis and comparison of figures. 

The deliberate policy of the institution has been from the beginning to 
admit, as far as possible, favorable cases. This is well shown by the 
stage on admission. More than half of the patients discharged between 
1885 and 1936, inclusive, shown from the 1917-1937 reports, were 
moderately advanced on admission. No significant changes from these 
proportions can be seen in recent years. 


PERCENTAGE OF TOTAL 
NUMBER PATIENTS 


25 


Moderately advanced 58 


Far advanced 10 
7 


9,659 100 


From the status of discharged patients as revealed in the annual re- 
ports, 1917 to 1937 inclusive, the number living and the number dying 
during each year, as well as the number whose status was unknown, 
have been determined for each stage and condition for each year of dis- 
charge and for each year since discharge. 

The total number of patients reported followed up after discharge 
from the Trudeau Sanatorium, or its predecessors, from 1885 to 1937 
was 8,810, excluding all those without a definite diagnosis of pulmonary 
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tuberculosis, or those who died in the institution, or left after less than 
thirty days of treatment. At the time of the first available report, 
October 31, 1917, there had been 4,558 patients with pulmonary tuberculo- 
sis discharged living; of these, 1,896 were dead or lost before October 31, 
1917, leaving 2,662 followed since 1917. In addition 4,252 were dis- 
charged since October 31, 1917, making a total of 6,914 followed up since 
1917. 

The death rates in these patients, as revealed by the annual reports, 
October 31, 1917 to October 31, 1937, inclusive, were as follows: 


AVERAGE ANNUAL 
YEAES RATE 


CRUDE 
RATES 


PATIENT 
YEARS 


PATIENTS 


FOLLOWED 


2,101 261 12.3 19,621 9.3 1.33 
Moderately advanced. .... 4,234 934 22.0 37,534 8.8 2.50 
Far advanced............ 579 240 41.4 3,151 5.4 7.60 


ere reer 6,914 | 1,435 20.8 60, 306 8.7 2.36 


The mortality per patient is misleading, since the exposure to ob- 
servation varied greatly in the different stages. The annual rates, which 
are much more significant, were 1.4, 2.5 and 7.6 per cent, respectively, 
as shown. ‘These rates are in the ratio of 1:2:6, which represents the 
relative risk of Trudeau patients in the different stages during this 
period. This is lower than the ratios published in earlier studies. 

The patients followed during the period 1917 to 1937, inclusive, show 
no consistent differences in average annual case fatality rates when 
grouped according to year of discharge (table 2). 

The greatest number of deaths (163) occurred within one year from the 
date of discharge, thereafter declining continually to 1 occurring forty 
years later. This decline has been erroneously interpreted as signifying 
that the period within five years of discharge is the most dangerous one 
for the tuberculous patient. This is a deceptive appearance, due mainly 
to the large number of patients followed only during these early years. 
When we consider the annual death rate among those actually observed 
each year following discharge, the rates become much more stable, 
declining slowly in the first decade, remaining stationary for about a 
decade, and then sharply rising as the average age of those followed 
reaches the danger zone. Even after correction for age there appears 
to be some decline in the annual fatality rates following discharge. Part 
of this apparent diminution may be ascribed to the phenomenon dis- 
cussed by Brown, that is, that the initial group consisted originally of 
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two kinds of individuals, some with a steadily high risk and others with 
a steady lower one, the sum of the two steady rates giving the appear- 
ance of a changing rate. That this is the case is shown by observing 
the death rates by stages, or the combined rate which allows for this 


TABLE 2 
Trudeau Sanatorium statistics—average annual case fatality rates in all discharged patients 
Calculated from Annual Reports 1917-1937 


YEARS OBSERVED 
YEAR OF DISCHARGE 


1917-1929 1931-1937 


Minimal 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


Moderately advanced 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


Far advanced 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


Combined rate 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


change, which shows a much more steady rate than does that for the 
entire population followed. 

Actual data for the number of deaths by calendar year here is con- 
fined to the years 1918 to 1936 inclusive, omitting 1930. The number of 


Total 
3.5 
1.3 1.3 
3.3 1.4 
1.4 1.0 1.3 
3.0 — 3.0 
2.4 2.4 
3.5 £5 2.6 
2.0 2.0 
8.0 — 8.0 
7.4 0 6.4 
9.6 5.4 7.9 
| 
9.2 6.0 7.6 
4.2 _ 4.2 
9 3.4 
4.9 2.9 4.0 
4.4 3.3 


PROGNOSIS IN TUBERCULOSIS 455 


deaths varies with the number of patients observed, averaging about 
70 deaths, or a rate of 1.5 to 3.8 per cent. The rates have fallen con- 
tinuously even during this time, especially among the far advanced 
group, the last six years showing combined rates of less than half those 
of the first six years of this period. 


Uniteo Staves - TuGercuresis Moatatity Peg 10,000 
Tavpeau Annuau Fatauty Rate ea 100 


— 
1920 19220 1424 


The tuberculosis fatality rates often vary synchronously in the three 
stages in different years; and the variations in combined and adjusted 
fatality rates in patients discharged from the Trudeau Sanatorium fre- 
quently follow the variations in the tuberculosis mortality in the entire 
country. ‘This is an additional indication that variations in the general 
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mortality rate in successive years are due to conditions affecting the 
mortality of known cases, rather than merely to the decline in the in- 
cidence of the infection (chart 1). 


ESTIMATES FROM FOUR FOLLOW-UP TABLES 


Information as to the exact year of death or disappearance of the 
patients followed prior to 1916 was not here available, but the probable 
figures for each period were estimated from the results of follow-up 
studies published in 1906, 1917, 1929 and 1937. These reports give 
the number living, dead and unknown at that date of all patients 
discharged in each previous year according to stage of disease and con- 
dition on discharge. From these figures, the number dying in each in- 
terval (1885-1906, 1907-1916, 1917-1928 and 1928-1937), and the num- 
ber exposed to risk at the beginning of and entering during each period, 
have been determined. The approximate number of patient years of 
exposure and the number of deaths in each period were then calculated. 

The total number of patient-years’ observation for this entire group, 
when calculated as suggested above, is found to be 88,332 patient years, 
representing an average of about twelve years per patient. The average 
duration of follow-up is longest among the minimal cases and shortest 
among the far advanced cases. Altogether 3,068 of these patients are 
known to have died during this time, representing slightly more than 
one-third of all of the patients followed. Repeated studies have shown 
that most of these deaths were due to tuberculous causes. The crude 
death rate of 35 per cent for the entire group yields an average annual 
rate of about 3.5 per cent for the entire group. 

The most important factor affecting the tuberculosis death rate is the 
extent of the infection in the lungs. Among the 8,810 patients here fol- 
lowed 2,425, or 28 per cent, were minimal, 5,532, or 62 per cent, were 
moderately advanced and less than 10 per cent were far advanced. The 
annual death rates were miminal 1.6 per cent, moderately advanced 
3.9 per cent and far advanced 10.7 per cent (table 3). 

The case fatality rates in these estimates have been constantly dimin- 
ishing. The greatest actual differences were naturally in the far ad- 
vanced group, which had the highest rates to start with, though the 
relative rate of decline was similar in all stages. 

The case fatality rate among all cases observed during the period of 
1885 to 1906, inclusive, was 3.7, 10.6 and 17.3 per cent for the three stages, 
or 10.4 per cent for the combined rates. The corresponding rates for the 
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next decade, 1907 to 1916 inclusive, were 1.8, 5.7 and 14.6 per cent, 
respectively, or a combined rate of 7.4 per cent, considerably lower than 
those given before. The reduction consisted both in a lower rate among 
those patients observed during this time who had survived from the 


TABLE 3 
Trudeau Sanatorium statistics—average annual case fatality rates 1885-1937 
Estimated from Reports in 1905, 1917, 1929 and 1937 


YEARS OBSERVED 
YEAR OF DISCHARGE 


1885-1905 | 1906-1916 | 1917-1928 | 1929-1936 


Minimal 
1885-1905 3.7 
1906-1916 
1917-1928 
1929-1936 


Moderately advanced 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


lar advanced 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


Combined rates 
1885-1905 
1906-1916 
1917-1928 
1929-1936 


10.6 7.4 


period above described, and in a lower rate in the patients who were 
discharged for the first time during this period. During the next period, 
1916 to 1928 inclusive, we find again a marked drop to rates of 1.4, 3.0 
and 9.7 per cent, respectively, with a combined rate of 4.7 per cent. The 


| 
Total 
2.1 1.5 ‘i 2.4 
1.5 1.3 1.1 1.4 
1.7 1.0 1.4 | 
8 8 
1.8 1.4 9 1.6 
10.6 6.6 4.0 on 7.9 
5.0 2.4 1.3 3.8 | 
3.6 1.5 2.6 
2.1 2.1 
5.7 3.0 1.7 3.9 
17.4 | 13.1 8.3 fon 16.6 
15.9 6.4 0 11.2 
10.5 5.1 8.1 
7.5 7.5 
14.6 9.7 5.9 10.7 
10.6 7.3 4.3 - 9.0 
7.5 3.4 8 5.5 
5.3 2.5 4.0 i 
3.5 3.5 
4.7 | 2.8 5.4 
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final period, 1930 to 1937 inclusive, shows the decline still continuing 
with no sign of abatement, giving the extremely low rates of 0.9, 1.7 and 
5.9 per cent respectively, with a combined rate of 2.8 per cent. 

Fatality rates among all cases observed in any one time period, when 
arranged according to the date of discharge, show little consistent 
variation. The case fatality rates among patients of the same stage, 
or of similar stage distribution, followed in successive time periods, 
show a marked continuous decline. 

Even more marked is the decline among patients, followed in each of 
the four periods considered, who had been discharged during the decade 
before the observation and so observed for approximately the same time 
quite markedly. 

The declining case fatality rate among patients discharged from the 
institution might be plausibly attributed to improved means of treat- 
ment while under treatment, if a larger proportion of the patients in each 
stage were being discharged in better condition in recent years, but this 
is not shown by the records. Increasingly critical laboratory, X-ray 
and other examinations may account for a lower recording of average 
condition on discharge now than in earlier years, despite better actual 
results. Thus continuance of pneumothorax and other collapse measures 
may have led physicians to consider cases active or merely quiescent who 
would otherwise have been listed as apparently arrested. In the reports 
from 1917 to 1933 inclusive, however, the proportion of patients with 
positive sputum on admission, who were negative on discharge, had not 
noticeably increased during this time. 

The decline in the tuberculosis case fatality rates cannot be wholly 
attributed directly to the improved results of treatment while in the 
institution, since the fatality rates are lower in patients discharged in 
the earlier years and followed later, than in those more recently dis- 
charged, and a lowering in the rates is seen in the same group of patients 
followed for successive time periods. Patients discharged in earlier 
years are still amenable to sanatorium care, and many of them may be 
readmitted there, or to other places, and so receive the benefit of modern 
treatment. The fact that intramural death rates have been lower than 
those after discharge suggests that life in a sanatorium may be an im- 
portant factor in life extension, and that the greatly increased number 
of available beds in the community in recent years available for dis- 
charged patients with active disease, or relapses, may be effective in 
this connection. 


PROGNOSIS IN TUBERCULOSIS 459 


Another explanation may exist in some condition affecting. the pros- 
pects of tuberculous patients after discharge, rather than while in the 
institution. General improvements in sanitation, housing, lighting, 
ventilation and other conditions have been emphasized more in con- 
nection with exposure to infection rather than with resistance to infec- 
tion. Nutrition and diet may have been improved through better eco- 
nomic status of the families with general real prosperity, or lowering of 
food prices and better education in dietetics, as well as through the in- 
creased budgets allowed by relief agencies for tuberculous families in 
recent years. 


CONCLUSION 


This investigation of the published data of the Trudeau Sanatorium 
has been performed at a distance of more than 3,000 miles from the 
institution itself on the basis of the data which happen to be available 
in the published studies and reports of the institution. Extensive 
statistical tabulations and analysis, and special studies of technical de- 
tails and incidental problems with this material have been made, but 
omitted from this article for the sake of brevity. The results appear 
both interesting and important and present both significant facts and 
unanswered problems. The most strongly documented finding is the 
marked decline in the annual case fatality rate among patients at all 
stages discharged from the institution followed during recent years, 
irrespective of the time of discharge, or the interval since discharge. 

The independent analysis of the figures agrees, in general, with the 
findings reported in the various publications of the workers at the Tru- 
deau Sanatorium, showing annual average case fatality rates of 2 to 4, 
4 to 12 and 15 to 30 per cent, respectively, before the war, and 1 to 2, 
2 to 4 and 5 to 15 per cent since that time. 

The decline in the annual number of deaths occurring in groups of 
patients discharged from the Trudeau Sanatorium has been substantially 
demonstrated. The causative factors still require elucidation. The 
fact that the decline has to a great extent paralleled that in the general 
population may suggest a similar mechanism. The fact that all of 
these patients were known to have had tuberculosis at the time of 
discharge would seem to minimize the importance of the extent of infec- 
tion throughout the population at large, unless we are to attach to 
exogenous reinfection a much greater réle than has been attributed to 
it in the past. The general tuberculosis mortality rates represented the 


| 
| 


460 EMIL BOGEN 


summatiqn of numerous series of cases similar to those here presented. 
The decline in the tuberculosis mortality in the general population must 
be, at least in part, caused by the improved prognosis among those 
actually infected. 
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INTRAPLEURAL PRESSURES IN ARTIFICIAL 
PNEUMOTHORAX 


JACOB SEGAL! 


Among other crude techniques in the pioneering days of pneumo- 
thorax therapy, the amount of air injected into the pleural sac at any 
given time was a hit or miss affair. Naturally, the intrapleural pres- 
sures were heroically high in most instances, and many disasters un- 
doubtedly resulted from such indiscriminate procedure. Gradually, 
with a growing understanding of the physiology of respiration, patho- 
genesis of tuberculosis, and the true objective of collapse therapy, we 
have improved our technique of artificial pneumothorax. 

Among these improvements the practice of injecting large volumes 
of air with high positive intrapleural pressures has been so vigorously 
scouted that, as Rubin (10) aptly puts it, the pendulum has probably 
swung too far the other way. In most hospitals and clinics, the pre- 
ferred practice of administering pneumothorax is to give small volumes of 
air at fairly close intervals with a final minus manometric reading in the 
expiratory phase. This is, no doubt, very commendable, but when gen- 
erally applied without regard to the particular chest architecture or lung 
lesion of each case treated, it can, at least in some instances, prove as 
disastrous as the indiscriminate practice of administering pneumothorax 
to the point of high intrapleural pressures. 

Whatever half benefits may be claimed for collapse therapy, such as 
resting and immobilizing the diseased lung, shunting the blood-stream to 
the healthy lung for a better oxygenation, etc., we are all agreed that the 
principal objective is closure of cavities. With this aim in perspective 
intrapleural pressure must be of secondary consideration. No one 
would insist these days on maintaining a large pneumothorax under 
plus intrapleural pressures in cases where a 40 per cent collapse under 
minus pressure has succeeded in closing cavities. Nor would one push 
a pneumothorax in cases with a freely movable mediastinum. There 
are, however, cases in the treatment of which, if artificial pneumothorax 
is at all given, the collapse must be pushed under high pressure. 
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I make this statement in the full knowledge of some dangers inherent 
in such practice. 

Dangers that are currently connected with high pressure artificial 
pneumothorax are: 


1: Rupture of the lung 
2: Circulatory embarrassment 
3: Pleural effusion 


Although rupture of the lung occurs in some cases of artificial pneumo- 
thorax administered under minus pressures and in a number of instances 
rupture of the lung occurs entirely unprovoked, it must be admitted 
that high pressure artificial pneumothorax encourages rupture of a lung 
otherwise predisposed to such an accident. Against this possibility, 
however, must be pitted the burden of a thoracoplasty at best. At 
worst, one must choose this procedure in some cases, as I will presently 
show, instead of allowing progressive lesions to go on to a fatal termina- 
tion, where no alternative procedures can be countenanced. 

In patients over forty, circulatory embarrassment is a real menace 
when artificial pneumothorax is administered under high pressure. In 
patients over forty, therefore, before pneumothorax is undertaken, all 
the tests, which can possibly evaluate the circulatory efficiency, should be 
exhausted as a preliminary measure. The history of past ailments 
should be carefully gone into in order to detect the slightest hint or warn- 
ing of circulatory impairment in seemingly trivial complaints. It goes 
without saying that the vital capacity should be taken, electrocardi- 
ography should be done, blood pressure should be estimated and a urinaly- 
sis should be made. With these precautions observed, pneumothorax 
can be administered at high pressures if needed for effective collapse, 
without danger of cardiac embarrassment. 

Pleural effusions as a result of high pressure artificial pneumothorax is 
one of those traditional beliefs in medicine which slip by uncritically into 
general acceptance. Bunta (4) in analyzing a series of 601 cases treated 
with artificial pneumothorax reaches the conclusion that the size of the 
pneumothorax rather than the intrapleural pressure is the causative 
factor of pleural effusions in the course of artificial pneumothorax. 

Aycock and Keller (2), in an analysis of the results of artificial pneu- 
mothorax in 530 cases, reach the conclusion that effusions in the course 
of pneumothorax treatment are the result of autotuberculinization of 
tissues already highly sensitized. Their conclusions imply that it is 
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no mere coincidence that the frequency of effusions met with in their 
studies is directly proportional to the extent of the tuberculous process of 
the cases treated. 

Burrell (5), in his analysis of the results of pneumothorax therapy in 
299 cases treated in the course of seven years, states definitely that in 
his opinion pleural effusion in the course of pneumothorax is an inflam- 
matory process and not due to irritation of the pleura by the pneumo- 
thorax. 

Pinner and Moerke (9), in an exhaustive study of pleural effusions, step 
out of their réle as experimenters for a moment to point out that, of all 
the theories about the aetiology of pleural effusion in pneumothorax 
therapy, they incline to the one attributing an inflammatory origin 
to its occurrence. 

Through the courtesy of Doctor Taschman, Director of the Tubercu- 
losis Service and the efforts of Dr. H. Schneider, resident physician, I 
have secured an analysis of the current cases treated by pneumothorax 
at Riverside Hospital. Of a total of 104 cases under pneumothorax 
treatment, 11 have been eliminated from this analysis, because of their 
admission to Riverside with hydropneumothorax. Of the 93 cases 
induced and treated at Riverside Hospital, 43 developed fluid in the 
course of their pneumothorax. The aggregate of all the intrapleural 
pressure readings in all the cases treated amounts to an average of 
—8, —2 before treatment, —5, +1 after treatment. It should be 
mentioned here that of the 93 cases considered in this analysis, 67 are 
Negroes and 26 whites. In all these cases the disease has been quite 
active, with bilateral involvement in most. 

In Fordham Hospital Tuberculosis Clinic, Dr. Charles Kastenbaum 
has made a rough analysis of 119 cases treated with pneumothorax since 
1931; of these, he reports 38 had developed fluid during the course of 
treatment. The aggregate of all the intrapleural pressures of all cases 
treated amounts to an average of —8, —2 before treatment, and —3 
+3 after treatment. These patients were all white, ambulatory, and 
practically free from symptoms at the time of their admission to the 
clinic. 

In the last two analyses, the percentage of pleural effusions is compar- 
able to most investigations on the subject, and it must be admitted that 
the intrapleural pressures have not been responsible for their occurrence 
in all these studies quoted and referred to in this article. 

In contrast to these results, I have chosen 3 cases out of my office file 
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typical of a series of 12 cases treated with high pressure pneumothorax 
which I am reporting briefly in the following lines. 


M. G., female, thirty, housewife, came under my observation in September, 
1936, complaining of cough and expectoration of one year’s duration. History 
of illness extends back to 1931 when a similar cough was then attributed to 
pulmonary tuberculosis, but which had subsided on bed-rest and had not 
recurred until the fall of 1935. 

Her general condition on admission was good, and she had no symptoms. 
Her cough, however, was very troublesome and expectoration copious. Ex- 
amination revealed a caseous pneumonic lesion in the left apex with cavity 
(see figure 1a). She had three ounces of sputum daily with a Gaffky count of 
VIII. 

Left pneumothorax was induced and it became at once evident that the 
cavity would resist closure (see figure 1b) unless higher pressures were resorted 
to. Fortunately, the mediastinum was fixed, and high pressure pneumothorax 
was possible without fear of mediastinal shift or lung herniation to the contra- 
lateral side. She had been on weekly refills for the first nine months, receiving 
an average of 300 cc. of air, and ending with a +10 to +15 manometric reading 
in the expiratory phase. During the first twelve months, although the sputum 
was gradually diminishing in quantity and in Gaffky rating, the sputum had 
remained positive. The series here given from figure 1a to le inclusive shows 
the gradual yielding of the cavity to the high pressure pneumothorax, so that 
the last film taken December 8, 1937 shows cavity completely closed. Since 
then refills have been given regularly every two weeks. It has since been 
possible to give the treatments under less and less pressure, so that it is now 
possible to maintain the collapse with an average of 300 cc. of air every two 
weeks and a manometric reading of +1 in the expiratory phase after each 
treatment. Since December, 1937, too, patient has been symptom free, has 
been feeling well, filling her réle of mother and wife. She has had no sputum 
since, but as long as sputum could be obtained it has proved negative on con- 
centration. 


H.C., age twenty-eight, came under my observation March 19, 1936. He was 
then complaining of troublesome cough and expectoration, weakness, loss of 
weight and strength, and fever of five months’ duration. He appeared under- 
nourished, haggard and anaemic. Examination of the chest revealed, essen- 
tially, signs of a destructive lesion in the right upper lobe with a giant cavity. 
Sputum was, of course, positive for tubercle bacilli at high Gaffky rating. 
Regarding the choice of therapy, it did not seem highly probable that a 
pneumothorax could be induced, and if induced that it would be efficient. 
Bed-rest alone had been tried for two months, without any improvement, even 
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in general condition. This is the type of case we would now recommend for 
extrapleural pneumothorax, but early in 1936 thoracoplasty would have been 
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the only alternative measure. His poor general condition obviously pre- 
cluded that form of collapse. On the “nothing to lose, everything to gain” 
principle, therefore, collapse by pneumothorax was attempted, and at least a 
fairly free space was found. 

From figure 2b taken after the fourth injection of air under moderate pres- 
sures, it becomes at once evident that no ordinary intrapleural pressure will 
suffice to achieve an effective collapse. With mediastinum fairly well fixed, 
it was possible to try collapse under high intrapleural pressures. Weekly 
refills were then given, an average of 350 cc. of air injected under average mano- 
metric reading of +15 in the expiratory phase at the end of a treatment. 
Figure 2c is quite promising and figure 2d shows complete closure of cavities. 

Patient had experienced no distress during this course of treatment. His 
symptoms had abated and his general condition had improved with the 
closure of his cavities. He had gained thirty pounds in body weight during 
the first year of treatment. For the past two years patient has done clerical 
work, has maintained his weight, and has been feeling quite normal. Sputum, 
as long as any could be obtained, had been repeatedly negative for tubercle 
bacilli in concentrated specimens, and for many months patient has not been 
able to produce any sputum. At no time in the course of treatment has there 
been any appreciable sign of fluid in the pleural cavity. 


A. G., male, age sixty-seven, watchmaker, came under my observation in 
November, 1937, complaining of cough and copious blood-stained expectora- 
tion, loss of weight, fever and weakness. Examination of chest revealed signs 
of a destructive lesion in the left upper lobe. Sputum, of course, was positive 
for tubercle bacilli at a high Gaffky rating. Figure 3a shows a large solitary 
cavity in the left apex. Despite his age and activity of his disease, patient’s 
general condition was good. Here again, because of the improbability of suc- 
cessful collapse by pneumothorax and the inadvisability of undertaking thora- 
coplasty on a man sixty-seven years old, extrapleural pneumothorax recom- 
mended itself. Patient, however, made it clear that he would not submit to 
any surgical procedure, but he was willing to try pneumothorax. 

Hence, after a thorough general examination including urinalysis, electro- 
cardiography and vital capacity test with satisfactory results, pneumothorax 
was induced. 

Figure 3b, taken after five injections of air given under ordinary pressures, 
gives an encouraging prospect of eventual complete closure of cavity, providing 
higher intrapleural pressures are allowed. Because of the fixity of the medias- 
tinum, it was felt that the pneumothorax could be forced with impunity. 

Weekly refilis were thenceforth given at an average of 350 cc. of air at each 
treatment under an average manometric reading of +15 in the expiratory 
phase at the end of each treatment. Figures 3c, d and e show the gradual and 
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final closure of the cavity. Patient had not felt any inconvenience during this 
course of treatment, but gradually was freed of his symptoms, regained his 
weight, so that six months after induction of pneumothorax patient was 
entirely free from symptoms and felt generally well. His sputum since has 
been consistently negative on concentrated specimens. The intervals of 
treatment have gradually been extended, so that now he only needs a monthly 
refill of about 300 cc. of air under an average of +1 intrapleural pressure in the 
expiratory phase at the end of each refill, in order to maintain an effective 
collapse. 

For about a year patient has been doing his work as watchmaker and leading 
a normal life consistent with his age. At no time in the course of treatment 
has there been an appreciative sign of fluid in the pleural cavity. 


SUMMARY AND CONCLUSIONS 


High pressure artificial pneumothorax has been considered in rela- 
tion to: 


1; Rupture of the lung 
2: Circulatory embarrassment 
3: Pleural effusion 


These possible dangers have been analyzed and reference has been made 


to a number of studies on the results of pneumothorax therapy. 

Three cases have been briefly reported. These cases at least have not 
been complicated by rupture of the lung or circulatory embarrassment. 
Moreover, the figures illustrating the progress of each show a remarkable 
absence of pleural effusion during the course of treatment from one to 
three years, despite the high intrapleural pressures under which pneumo- 
thorax has been administered. 

The principal objective of pneumothorax therapy is closure of cavi- 
ties. The intrapleural pressure, therefore, allowed in any given case, 
must be of secondary importance. It is generally agreed that giving 
small volumes of air at frequent intervals under low intrapleural pres- 
sures is the preferred practice. There are cases, however, in the treat- 
ment of which, if pneumothorax holds any promise of eventual success, 
the collapse must be forced under high intrapleural pressures. 
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METHODS OF PRESERVING THE TUBERCULIN 
PROTEIN! 


FLORENCE B. SEIBERT anp EMMA H. DuFOUR 


The preservation of the potency of a highly purified tuberculin is as 
important as its preparation. The latter has been considered in numer- 
ous previous publications and will, therefore, not be discussed in this 
paper. The considerations given herein apply to the purest product, 
as well as to the less purified ones. 

It has been found very convenient to preserve the raw tuberculin, as 
soon as it is freed from bacilli, with 0.5 per cent phenol in order to elimi- 
nate contamination during the lengthy ultrafiltration and other steps in 
the purification. The question has often arisen, however, as to whether 
or not the phenol may reduce the potency of the tuberculin. Much 
consideration was, therefore, given to this point, as shown in the following 
experiments. 

It is interesting that when raw tuberculin, made on synthetic medium 
and purified by ultrafiltration, was studied by means of the ultracen- 
trifuge, practically identical sedimentation graphs, with So = 1.7 or 1.8, 
were obtained (1), whether it was unpreserved or preserved with 0.5 per 
cent phenol or 1:10,000 merthiolate. Illustrative curves are shown in 
graph 1. This would indicate that no great denaturation of the protein 
had taken place, since in numerous other studies, when denaturation of 
the protein did occur, the graphs showed the presence of larger molecules 
and usually molecules of many different sizes. 

It has been our custom to make up, for diagnostic tuberculin skin 
tests, a stock solution of PPD (Purified Protein Derivative Tuberculin) 
quantitatively by weighing out the dry powder and making it into a one 
per cent solution in saline containing 0.5 per cent phenol. Such a solution 
has been considered standard and against it other PPD preparations or 


1 From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia, 
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tablets have been checked from time to time. There has been no indica- 
tion that such a solution loses its strength, even after standing for a long 
time, but it was considered advisable to check this point carefully. 
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Accordingly, comparisons were made in a large number of individuals 
between such PPD solutions which had been kept for one year or five 
years respectively, in the ice box, and PPD solutions freshly made from 
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the same lots of PPD powders. Table 1 shows that in neither case did 
the first or second doses show any loss in potency. It is evident, there- 
fore, that a product with a stable potency has been obtained and thus 
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one of the most important criteria for a standard has been satisfied. 
Moreover, during the last seven years many lots of PPD made in the 
author’s laboratory have been checked against each other in this manner 
and found to have identical potencies. 
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Phenol, therefore, seems to have no progressive deleterious effect upon 
the potency of the tuberculin protein. This does not, however, rule 
out the possibility that immediately upon addition of phenol there is an 
effect upon the potency even if this effect almost immediately ceases. 
In view of the work of Jensen, et al. (2), it would seem that phenol may 
have some deleterious effect. An experiment was, therefore, performed 
in tuberculous guinea pigs, comparing simultaneously the reactions to a 
highly potent PPD preparation, made without the addition of phenol, 


TABLE 1 
Potency of PPD solution after storage with 0.5 per cent phenol 
A 


0.000,02 mc. 0.005 Mc. 


1 PER CENT PPD 
Average dimensions Number| Average dimensions 
of reactions positive of reactions 


Freshly made 14x 14x18 7 22 x 21x24 
Stored one year 14x13x1.8 7 22 x 21x 2.4 


Freshly made 16x 14x18 24 19x 18x19 
Stored five years 15 x 14x1.8 24 19x 18x19 


Primary effect of phenol and Quinosol on the potency of PPD 
B 


NUMBER AVERAGE DIMENSIONS OF REACTIONS 
TUBER- 


HIGHLY POTENT PPD—0.000,5 MG. CULOUS 


GUINEA PIGS 
TESTED 24 hours 48 hours 


mm. mm. 

Original 12 16x17x3.5 16 x 18 x 3.4 
Original + 0.5 per cent phenol 12 16 x 18 x 3.2 16 x 17 x 3.3 
Original + 0.05 per cent Quinosol 12 16 x 20x 3.4 17 x 17 x 3.6 


with those to the same PPD preparation to which 0.5 per cent phenol 
was added. No loss in potency was detected, as shown in table 1 B. 
Furthermore, the use of 0.05 per cent Quinosol,* as recommended by 
Jensen (2), also showed no loss in potency. 

However, evidence has accumulated in our laboratory as well as in the 
Danish laboratory (2) that PPDs of greater and of less potency can be 
obtained. The explanation for these facts is being earnestly sought 


* The Quinosol was kindly supplied by Dr. K. A. Jensen, Copenhagen, Denmark. 
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through many different types of experiments, with the object of being 
able to prescribe a method that will always give products of identical 
potency. This will be discussed in another publication. 

It is, therefore, advisable at present to adopt some preparation as a 
standard and then compare with it each now lot of PPD and evaluate its 
potency in terms of thisstandard. Once this is done, dilutions of known 
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potency are obtainable at any time. The authors’ preference for a 
method of carrying out such a standardization has been discussed in a 
paper (3) in press at the present time. 

The final form in which the purified tuberculin can best be issued is a 
problem of much concern. The dry form is preferable since there is much 
evidence to show that its potency is quantitatively retained. Dilutions 
ready for diagnostic use have been successfully preserved in dry form 
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incorporated in lactose tablets (4), which have proved to be convenient 
and satisfactory. The preparation of such tablets, however, requires a 
very high degree of skill, which is available in comparatively few labora- 
tories. Moreover, the great effort expended in securing a highly purified 
product is partially cancelled by mixing a small amount of this purified 
product with large amounts of a known contaminant, lactose. Doig, 
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et al. (5) prepared potent “dried dilutions” of PPD which showed no loss 
in potency after three years at room temperature. 

Recent methods utilizing the principle of drying in very high vacuum 
in the frozen state, that is, either the “lyophile” (6) or “cryochem” (7) 
methods, would seem to furnish highly desirable ways of preserving the 
purified tuberculin protein in bulk or in high (diagnostic) dilutions. The 
two methods yield practically the same results, the ‘“‘lyophile” process 
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consisting of prefreezing and then drying in very high vacuum, and the 
“cryochem”’ process consisting of drying so rapidly and in such high 
vacuum that the solution automatically freezes. 

Experimental evidence in support of the advisability of utilizing these 
methods may be found in previous ultracentrifuge studies (1). For 
example, neither freezing at —8° or —10°C., nor drying im vacuo with 
phosphate buffer at pH 8.0 affected in any perceptible way the sedimen- 
tation diagrams (see curves in graph 2) of a comparatively labile tuber- 
culin fraction, TPA. The solubility of the various products also was 
unchanged. 

Moreover, recently a highly purified PPD preparation was subjected 
to the ‘‘cryochem” process in the presence of phosphate buffer, pH 7.3. 
The product, thus treated, was found to be completely soluble in water 


TABLE 2 
Effect of lyophilizing on potency of PPD 


0.000,02 mc. 0.005 mc. 


PPD PREPARATION : 
Number| Average dimensions Number|Average dimensions 
positive of reactions positive of reactions 


26 17x16x2 
26 172 1622.1 


36 26 23x 20x2 10x 9xil 
36 26 22 x20x2 Sz 


and when examined in the Tiselius electrophoresis apparatus (8, 1) 
showed a single protein component, as evidenced by one persisting sharp 
“Schlierien” band, with a mobility of w = 14 XK 10-° cm.? volt“ sec.-! 
in phosphate buffer pH 8 and » = 0.02. Previous experiments have 
shown that with denaturation of the tuberculin protein the band tends 
to become diffuse and even splits into two. 

A careful study of the biological potency of preparations preserved in 
these ways would give the final conclusion as to whether or not the prod- 
ucts had been changed in a detrimental manner. Table 2 gives the 
results of two series of comparative tuberculin tests made with a PPD 
solution in its original state and after being “lyophilized.” These prepa- 
rations, in solution in the phosphate buffer at pH 7.3, were “lyophilized” 
by Dr. John Reichel of Sharp and Dohme for us and then tested in the 
clinic of the Henry Phipps Institute. Ten cc. of a buffer solution con- 
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taining 0.000,02 mg. PPD or 0.005 mg. PPD per 0.1 cc. were dried in this 
way, leaving a fluffy white residue, which dissolved readily and com- 
pletely on the addition of 10 cc. of distilled water containing 0.35 per cent 
phenol. Table 2 shows that the potency of the PPD was not decreased. 


TABLE 3 
Effect of lyophilizing and incubation on potency of PPD 


0.000,02 mc. 0.005 mc. 


Number|/Number| Average dimensions Number| Average dimen- 
tested |positive of reactions positive |sions of reactions 


mm. ; mm. 
20 | 20 21x19x2.1 
Lyophilized and incubated 28 

days at 37.5°C 20 | 20 21 x 20x 2.2 
81 17x16x2 23 x22x2 


81 17x17x2 22 x22x2 


TABLE 4 
Effect of drying with salis on potency of PPD 


0.000,02 mc. 0.005 uc. 


Num- 
ber | Average dimen- Average dimen- 


sions of reactions isced/tested sions of reactions | 


Num- 


15 | 19x16x2.2 16x 14x2.0 
14 | 14x12x1.7 14x 14x2.0 


36 | 29x 26x24 23 x 21x1.9 

Prefrozen and cryo- 
chemed with buffered 

36 | 27x25x2.3 22 x19x1i.8 


35 | 25 | 25x21x2.4 12x 9x14 
Cryochemed with buf- 
fered diluent 35 | 25 | 24x21x2.4 lix10x14 


Further test was made by “lyophilizing”’ a 0.1 per cent PPD solution 
and then storing the product in this form in the incubator at 37.5°C. for 
twenty-eight days. At the end of this period no loss in potency could be 
detected (table 3). The second series of tests shows that a 0.1 per cent 
solution in 0.5 per cent phenol when incubated for twenty-one to thirty- 
nine days at 37.5°C. also lost no potency. 


Incubated 21-39 days at 
Num- 
ber 
tested 
0 
Cryochemed with saline.| 23 0 
0 
0 
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An attempt was made to confirm these results once more, using the 
“cryochem”’ process. Unintentionally the solution of PPD had been 
made with saline rather than with buffer solution, and table 4 shows that 
there was a significant loss in potency. ‘The reason for this loss was then 
sought by examining the effect of the two changes in the process from the 
former experiments, that is, the use of saline instead of buffer and the 
effect of prefreezing which occurs in the “‘lyophile”’ but not in the “cryo- 
chem” process. The results in table 4 show that practically no loss in 
potency occurred if a buffered diluent was used in the “‘cryochem” 
process and also that prefreezing the solution was not necessary to avoid 
loss in potency. Therefore, it is obvious that drying in the presence of 
the saline causes a decrease in potency, whereas drying in the presence of 
a buffered diluent retains the potency. This is a significant detail and is 
in keeping with reports in the literature that high dilutions of tuberculin 
are more stable in buffer solution than in saline. 


SUMMARY 


Purified Protein Derivative (PPD) preparations can be made repeat- 
edly with constant potency and it has been shown that such preparations 
can be kept as a one per cent solution, made in saline containing 0.5 per 
cent phenol, for at least five years without loss in potency. Moreover, 
no change had been detected in the ultracentrifuge sedimentation curves 
of tuberculin solutions due to preservation with 0.5 per cent phenol or 
1:10,000 merthiolate. 

The methods of drying from the frozen state and in high vacuum, that 
is, the “lyophile”’ or “‘cryochem”’ processes, proved to be highly effective 
for preserving the purified tuberculin protein, even in the high dilutions 
used for diagnosis (0.000,2 mg. per cc.), resulting in no loss in potency, 
provided a buffered diluent was present. When saline was substituted 
for the buffered diluent a loss in potency occurred. 

No change was detected in the ultracentrifuge sedimentation diagrams 
after drying im vacuo or freezing a molecularly homogeneous tuberculin 
protein fraction. Furthermore, no change was found in the electrical 
mobility properties, as observed in the Tiselius electrophoresis apparatus, 
as a result of the “cryochem”’ process. 
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BACILLARY COUNTS IN SPUTUM}? 


A Quantitative Method for Determining the Number of Tubercle Bacilli 
in Sputum 


AGNES BEEBE VOGT,’ PETER ZAPPASODI‘ anp ESMOND R. LONG! 


Various methods for the quantitative estimation of tubercle bacilli 
in sputum have been described. The most widely known and used is 
probably the Gaffky count (1). But it employs untreated sputum and 
cannot give more than an approximate indication of the true number of 
bacilli present. To eliminate this source of error, in most improved 
quantitative methods sputum homogenized with dilute alkali is used. 
Nuttall (2), Hughes (3), Hanks, Clark and Feldman (4) and Jordan (5) 
have achieved correspondingly more consistent results. Although, with 
the low concentration of alkali and the short incubation periods used in 
their methods, destruction of the tubercle bacillus is probably negligible, 
a theoretical advantage would accrue from the use of some method em- 
ploying a reagent effective in the digestion of sputum and known to be 
inactive against the tubercle bacillus. Enzymes are the logical alter- 
natives as digestors, and there are scattered reports in the literature of 
attempts to use them in homogenization of material preliminary to 
detection or enumeration of tubercle bacilli. As early as 1903 Spengler 
(6) used pancreatin to homogenize sputum. McNamara and Ducey 
(7) used hydrochloric acid and pepsin in preparing sputum for culturing. 
Other methods take advantage of the natural autolysins in sputum. 
Among them are those described by Pottenger (8) and Sweany (9) and 
Sweany and Stadnichenko (10). The overnight incubation necessary 
in these methods is a time-consuming disadvantage in comparison with 
the other procedures. 

The choice between pepsin and trypsin is influenced by several factors. 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

2 This investigation was carried out as a Codperative Study with the National Institute 
of Health of the United States Public Health Service. 

* Assistant Bacteriologist, United States Public Health Service. 

* Technical Assistant, United States Public Health Service. 

5 Consultant, United States Public Health Service. 
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Since Jennings (11) found, using buffer solutions, that maximum clump- 
ing of tubercle bacilli occurred between pH 4.5 and 5, but was absent 
between pH 8 and 9, and that dilution in M/15 disodium phosphate solu- 
tion gave even suspensions for counting living tubercle bacilli, trypsin, 
which is active in alkaline solutions, would seem to be preferable to pepsin. 
Also preliminary experiments in this laboratory indicated that counts of 
tubercle bacilli exposed to pepsin in acid became lower upon standing of 
the suspension, a fact suggesting some digestion or alteration of bacilli. 

Another factor to be considered is that in certain of the methods 
described such a small amount of sputum is homogenized that it may 
fail to be a representative sample. Also it is obvious that those methods 
which fail to provide some concentration will be open to the criticism of 
showing falsely negative results. The importance of concentrations is 
emphasized by consideration of the findings of Corper (12), who calcu- 
lated after mixing weighed amounts of bacilli and sputum that 100,000 
bacilli per cc. must be present in a smear if the bacillus is to be found. 
Woolley (13) mixed bacilli with bronchiectatic sputum and found that 
less than 5,000 per cc. could rarely be found in smears. 

Finally, it seems necessary to collect twenty-four hour specimens to 
avoid variation in expectoration of the bacilli by the patient at different 
times of the day. With all these considerations in mind the present work 
was undertaken to devise a method for the quantitative enumeration of 
tubercle bacilli in the sputum of tuberculous patients, eliminating as 
many as possible of the sources of error. The method finally selected 
was based on trypsin digestion of the sputum in alkaline disodium phos- 
phate solution. Powdered trypsin was found more convenient than the 
liquid preparation. 


METHOD 


A twenty-four-hour specimen of sputum, on which a Gafiky count has 
been made for preliminary orientation, is measured by pipette into a 
glass screw-top jar of 8 oz. capacity. To this is added 2 volumes of 
M/15 disodium phosphate (NazHPO,), in which has been dissolved, 
immediately before use, 3 mg. of powdered trypsin (Difco) for every 2 cc. 
of disodium phosphate solution, that is, 3 mg. per cc. of sputum. Glass 
beads are added and the bottle is shaken and placed in a 56°C. water 
bath for two hours. At the end of this time, the bottle is shaken again 
and two samples of 0.01 cc. each are removed with a Breed and Brew 
capillary pipette and placed on the measured area of duplicate sides on 
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each of which previously has been placed an equal volume of fresh solu- 
tion of crystalline egg albumin. Previous to smearing, the slides are 
prepared by marking, with a diamond point or carborundum, an area 
1.5 cm. wide across the slide, 1.0 cm. from the end; they are then soaked 
overnight in 3 per cent acetic acid-alcohol, according to the method of 
Hughes (3), and dried with clean cheesecloth. The two drops are mixed, 
and spread over the marked area of the slide with a platinum loop, care 
being taken not to carry away a visible amount of material on the loop. 
The slides are dried on a level surface and stained by the Ziehl-Neelsen 
method. To avoid flaking and loss of the smear, 70 per cent alcohol is 
used in the acid-alcohol for decolorizing, and washing is carried out care- 
fully without use of a direct stream of water. To prepare pipettes for 
subsequent use, cleaning fluid is drawn into them immediately and the 
pipettes are immersed and soaked overnight in cleaning fluid, and then 
chemically cleaned and dried. In the earlier experiments 20, and later 
50 oil immersion fields were counted, unless no organisms were found, in 
which case the number of fields was increased to 80. Duplicate slides 
are always made unless the specimen is large enough to divide into two 
or more portions before treatment. This is necessary in cases where 
the sample amounts to more than 60 cc. 

For sputa with orientation counts below Gaffky IV, centrifugation 
is usually necessary, the volume varying according to the count. Cali- 
brated graduated centrifuge tubes are used. All but 1 cc. of the super- 
natant fluid is drawn off, and the sediment is easily suspended in the 
remaining 1 cc. by quick tapping of the point of the tube with the fore- 
finger. Smears are then made as for the uncentrifuged specimens. 
From the average number of bacilli per field is calculated the number 
per cmm. and the total number discharged in twenty-four hours. 

Some minor variations in the method may, of course, be necessary 
from time to time. For example, a consistently negative sputum would 
be centrifuged and the sediment suspended in less than 1 cc., appropriate 
calculations being made. Also, it has been found advisable, in the case 
of a few very heavily infected sputa, to dilute the specimen after digestion. 


CALCULATIONS 


The oil immersion lens is calibrated according to the method of Hughes 
(3). In one of the microscopes used in this study, the field diameter, 
determined by focussing on the ruled area of a haemocytometer, was 
0.133 mm. Calculation on the basis of this figure indicated that the 
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ruled area on the slide contained 28,000 oil immersion lens fields. Since 
the amount of material used to cover the area is 0.01 cc., the following 
equation holds: 


Number of bacilli per cc. of treated sputum = Average number per field X 28,000 X 100 


If the sputum is diluted before examination the result must be multiplied 
by the dilution factor, for example, 3, if the sputum had been diluted to 
three times its original volume before smearing and not concentrated. 
If the sputum was concentrated before smearing, the figure must be 
divided by the figure representing the degree of concentration. For 
example, in the case of a thick sputum in which dilution to 3 volumes was 
made for the digestion, and in which 10 cc. of the diluted specimen were 
concentrated to 1 cc. before smearing, and a figure in cmm. is desired, 
the following equation would hold: 


Number of bacilli per cmm. of untreated sputum 


= Average number of bacilli per field X 28,000 X 100 x 3 
10 X 1,000 


To determine the number of bacilli expectorated per day the figure 
obtained from the above equation is multiplied by the number of cmm. 
in the twenty-four-hour specimen. A typical case is.as follows: 


Patient I. L. brought in a 5 cc. specimen, for which an orientation count gave 
a figure of Gaffky II. After dilution to three times this volume with trypsin 
dissolved in M/15 disodium phosphate, and incubation at 56°C. for two hours, 
13 cc. were concentrated to 0.5 cc. Forty fields were examined, and the 
average number of bacilli per field was found to be 0.92. Therefore, 


0.92 X 28,000 X 100 X 3 


= 29 
26 X 1,000 ad 


Number of bacilli per cmm. of untreated sputum = 


In this case the number of bacilli on the smear, that is, in 0.01 cc. of 
treated and concentrated sputum, would be 0.92 X 28,000; multiplying 
by 100 would give the number per cc., and by 3 would give the number 
per cc. before dilution. As the concentration is from 13 cc. to 0.5 cc., 
division by 26 would give the number per cc. in the original specimen, 
and finally division by 1,000 gives the number per cmm. Since the 
original twenty-four-hour specimen contained 5 cc., or 5,000 cmm., the 
total number expectorated in twenty-four hours was 5,000 X 297, or 
1,485,000. 
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DISCUSSION OF METHOD 


Experiments involving variations in the concentration of the reagents 
have shown that the amount of trypsin used may be varied within 
rather wide limits. Eleven times the amount ordinarily used produced 
no digestion or detectable alteration in the tinctorial properties of the 
bacilli, while one-third of the amount used was found adequate. For 
those sputa containing relatively few bacilli, it would be advantageous 
to employ the same concentration of disodium phosphate in a smaller 
volume, to avoid centrifuging great quantities of fluid. The digestion 
of the sputum, however, was found to be inferior when the amount of 
fluid was much decreased. 

Preparations allowed to stand in the ice-box for as long as two months 
showed no decrease in the number of bacilli present. 

Several sources of error exist in this method, the most troublesome 
probably being the occasional occurrence of a type of sputum in which 
the bacilli remain in clumps, even after additional shaking and treatment 
with 10 per cent xylol as recommended by Pottenger (8). In such cases 
the agreement between duplicate counts is usually poorer than is the 
case when the bacilli are more evenly distributed, especially in prepara- 
tions with relatively few bacilli. Here one clump may modify the count 
considerably. Fortunately such sputa are relatively rare. Except for 
them the slides show a good degree of dispersion of the bacilli. Even 
in such cases, a fairly reliable estimate may be reached by increasing 
the number of slides examined, and averaging 4 or 6, rather than two. 

In the earlier experiments a standard loop was used for making smears, 
but, although in actual practice consistent results were obtained, capil- 
lary pipettes were used in later experiments because, unless care was 
taken to lift the loop at the same speed and at the same angle from the 
surface of the fluid, considerable variation in the size of the loopful with- 
drawn could occur. 

The agreement between duplicate counts offers a certain check. A 
difference not exceeding 10 per cent was considered good, and one of 50 
per cent less satisfactory, but not a cause for repeating the count, while 
counts which differed by 100 per cent were repeated. While this varia- 
tion may seem large to those accustomed to the more readily duplicated 
figures obtainable in chemical experiments, these differences become less 
important in view of the tremendous variations in the number of bacilli 
discharged by different individuals, or by the same person during the 
course of his treatment. 
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Chart VI, which shows the average numbers of bacilli obtained from 
white patients as compared with Negroes, and chart V, which shows the 
number of bacilli excreted by a single patient followed over a period of 
months, illustrate this point. Pottenger (8), who employed a very 
similar technique for quantitative estimation of tubercle bacilli in spu- 
tum, feels that 100 per cent variation is not excessive. Most other 
reports of quantitative work fail to mention how close an agreement could 
be obtained. 

Pottenger (8), in making total daily counts of tuberculous patients, 
found that the number of bacilli ranged from 140,000 to 30 billion, in 
different patients. In the same patient, over a period of days, a typical 
series was 128, 130, 133, 83, 98 and 131 million. In the present study 
no attempt has been made to define the lowest figures found, since this 
varies according to the number of fields examined. However, if enough 
sputum is obtained to concentrate it twenty times, and 100 fields are 
examined, the finding of one bacillus will represent a total of 4,200 
bacilli per cc. 

Reports in the literature vary widely with respect to the number of 
tubercle bacilli present in a milligram of culture. Calmette (14) stated 
that in 1 mg. there are 40,000,000 tubercle bacilli. Corper (15), how- 
ever, claimed that 1 mg. of moist weight of bacilli may contain 5 to 7.5 
billion organisms. On the basis of this figure the daily excretion of 
bacilli by one patient, E. J., was equivalent to more than the number 
contained in 4 mg. of culture. 

Wilson and Schwabacher (16) stated that previous work of various 
investigators indicates that 1 mg. of culture contains between 30,000,000 
and 4,200,000,000 bacilli, and from 10,000,000 to 3,200,000,000 viable 
organisms, with most findings near 100,000,000. Their own results 
showed that, with a bovine culture, 1 mg. of material contained 
981,000,000 bacilli, and that the proportion of viable organisms was 8.8 
per cent, that is, 86,000,000 living bacilli per mg. For the human type, 
878,000,000 organisms were present, with 4.7 per cent viable. Assuming 
that the patient E. J. was infected with the human type, on the basis of 
these figures, 940,000,000 or approximately a billion living organisms were 
excreted daily. 


THE QUANTITATIVE METHOD IN PRACTICE 


A number of studies, similar to the present one, including a large series 
of cases, have been reported. Bunta (17) examined sputum from 506 
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ambulatory pneumothorax patients from twelve to sixty-three years of 
age and a control group of 642 patients. Seventy-four per cent of the 
group were white and 53.4 per cent males. He found a greater decrease 
in the bacilli in the sputum in the pneumothorax group, both immediate 
and sustained. Pleural adhesions were found to inhibit reduction in 
numbers of bacilli, as did bilateral cavitation. The best results were 
obtained when the cavities were in the treated lung and adhesions were 
not present. 

Bendove and associates (18, 19, 20), at the Sea View Hospital, made 
quantitative estimations of tubercle bacilli in the sputum of 504 pneu- 
mothorax patients. It was noteworthy that a mortality rate of 33.8 
per cent occurred in cases of unconverted sputum, while in converted 
cases, in the period of study, the mortality was only 0.4 per cent. From 
this the authors conclude that conversion of the sputum is the most 
reliable index of the efficacy of the treatment. In analyzing their figures, 
they found that sex bore no relation to success of treatment, but age was 
important in that in young patients the ratio of converted to uncoverted 
cases was much greater than in the average. In 80 per cent of their 
patients the sputum was converted in the first six months of treatment, 
and 80 per cent of patients in whom the turn to negative occurred in 
the first trimester were treated with low or hypotensive pneumothorax. 
They found little correlation with the anatomical extent of the disease. 

In the present study the method described has been used to determine 
the daily output of tubercle bacilli in the sputum of patients undergoing 
artificial pneumothorax treatment in the ambulatory clinic at the Henry 
Phipps Institute. 

Three twenty-four-hour samples of sputum were obtained before 
treatment, and subsequent samples at intervals of one week, two weeks 
and one month after treatment. After this, specimens were examined 
at monthly intervals. As many patients as possible were followed until 
they showed six consecutive negative sputum specimens, or until they 
became lost to the clinic through hospitalization, death, change of resi- 
dence or other reasons. Logarithmic curves were constructed to show 
the number of bacilli counted per cc. of sputum, and the total number ex- 
creted in twenty-four hours. 

A total of 880 sputum specimens from 296 patients was obtained; 
of these, 158 specimens were from 37 white patients, of whom 28 were 
male and 9 females. Of the 158 specimens, 45 were negative and 113 
positive. The average twenty-four-hour output of bacilli in the latter 
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group was 129,593,000. Seven hundred and twenty-two specimens 
were examined from 259 Negro patients, 140 of whom were male and 119 
female. Of the 722 specimens, 218 were negative, and 504 were positive, 
with an average twenty-four-hour output of bacilli for the positive cases 
of 893,940,000. Of the total 617 positive specimens, 118, or 19 per cent, 
had been found to be negative on direct examination by smear. 

A few typical curves are shown in chartsI to V. In general the curves 
tend to show either a fairly prompt drop to negative, as in charts I and 
II, or a continued high count as in charts III to IV. Relatively few 
patients showed sputum which fluctuated between positive and negative 
for any significant length of time. The case of one of those who did is 
presented in chart V. | 
» In comparing the results obtained from patients of the white and 
Negro races, there appears a striking difference in the number of bacilli 
excreted. Chart VI is a summary of the ten highest counts obtained 
in each of the two races, and it may be seen, in confirmation of previous 
work (21), that the Negroes showed a much greater number of bacilli 
in the sputum than the members of the white race. The highest count 
among the Negroes, namely, 20,499,918,000, was approximately twelve 
times that of the highest in the white patients, namely, 1,680,000,000. 
Moreover the lowest count in the corresponding 10 cases in the Negro, 


namely, 8,810,000,000, is approximately five times this highest count in 
the white patients with positive sputum. The epidemiological sig- 
nificance of this variation is obvious. 

The following case histories summarize the course of the disease during 
the period of observation in the patients whose sputum counts are 
recorded in charts I to V. 


J. H.: Chart I, Negro female, 19 years old, with far advanced pulmonary 
tuberculosis, sputum positive, January, 1937. The disease was extensive in 
the right lung and scattered in the left. Symptoms were severe. Right 
pneumothorax was induced in February, 1937. This varied from 25 to 50 
per cent in extent until early in 1938, when a pleural effusion developed, which 
caused a collapse of about 80 per cent. After some months this was aspirated 
and gradually replaced by oil. A left pneumothorax was induced in March, 
1938. This was always slight, and the space was lost after some months. 
Throughout the treatment significant improvement occurred. Symptoms of 
toxicity disappeared and the sputum was negative for tubercle bacilli from 
December, 1938 until the time of writing (May, 1939). 
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A. N.: Chart II, white male, 32 years old, with far advanced pulmonary 
tuberculosis, sputum positive, January, 1937. The disease was extensive on 
the left, with a large upper lobe cavity, and scattered on the right. Left 
pneumothorax was induced in February, 1937. Adhesions interfered, but a 
50 per cent collapse was obtained by April, 1937. The cavity persisted, how- 
ever, and the adhesions were cut in several stages in June, 1937. An effusion 
developed in July, causing almost complete collapse. The patient improved 
symptomatically and the sputum gradually decreased in bacillary content 
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until May, 1938, after which it remained negative by concentration methods 
until January, 1939, when observations were discontinued. The sedimenta- 
tion rate decreased steadily from 26 to 10 mm. per hour. The pneumothorax 
was gradually changed to oleothorax after October, 1938. The patient rests 
at home. 


A. M.: Chart III, white male, 43 years old, with far advanced pulmonary 
tuberculosis, sputum positive, January, 1936. The disease was bilateral, 
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and most extensivé 6n the right, with moderately extensive midlung infiltration 
on the left. Right pneumothorax was induced in March, 1936. It was not 
very successful, numerous adhesions preventing collapse to a greater degree 
than 15 percent. Pleural effusion developed in August, 1936. Left pneumo- 
thorax of 10 to 15 per cent extent was later induced. In January, 1938 the 
right phrenic nerve was cut, scaleniotomy performed, and the right pneumo- 
thorax discontinued. After October, 1938 the left pneumothorax was con- 
verted to oleothorax. Symptomatic improvement occurred, and the sedi- 
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mentation rate dropped from an average of 20 to 13 mm. per hour, but the 
sputum remained consistently positive. The patient feels fairly well. 


W. S.: Chart IV, Negro male, 31 years old, with far advanced pulmonary 
tuberculosis, sputum positive, November, 1936. The disease was bilateral, 
but chiefly in the left lung with two upper lobe cavities measuring 4 and 3 cm. 
in diameter. Symptoms were slight. The sedimentation rate was 20 mm. 
A left pneumothorax was induced in November, 1935 and continued until 
August, 1937, when the patient moved to another city. Progress was variable 
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with no sustained improvement. The sedimentation rate varied between 
15 and 25 mm. per hour. A pleural effusion developed after about a year. 
The sputum remained positive by the concentration method, although occa- 
sional specimens were reported negative after simple direct smear examination. 
At the time the patient left, the output of tubercle bacilli was increasing. 
Thoracoplasty was advised, but the patient refused. 


S. R.: Chart V, white male, 25 years old, with far advanced pulmonary 
tuberculosis, sputum positive, March, 1937. The disease was bilateral, most 
extensive on the right, with multiple cavities on the right and an apical cavity 
on the left. The course of the disease was chronic. Symptoms were slight. 
The sedimentation rate varied from 12 to 18 mm. per hour. »The sputum 
fluctuated in bacillary content, frequently being negative both by direct smear 
and concentration of the twenty-four-hour specimen. The patient felt well, 
and insisted he was well enough to work. No treatment other than rest was 
employed. 


SUMMARY 


A method incorporating several previous advances in technique is 
described for homogenization of sputum and counting tubercle bacilli 
in twenty-four-hour samples. It has proved relatively easy in applica- 
tion and accurate in results. The essential features are trypsin digestion 
of sputum in alkaline phosphate medium, shaking, removal of an ac- 
curately measured sample with a standard pipette to a measured area 
of a glass side, mixing of the sample with egg albumin solution, even 
spreading with a platinum loop, staining by the Ziehl-Neelsen method, 
and counting the stained bacilli with the use of a calibrated optical 
system. The method of Hughes is followed in calibrating the micro- 
scope, based on the field diameter as determined by focussing on the 
ruled area of a haemocytometer and calculation of the number of fields 
in the measured area of the glass slide used. The requisite formulae 
are given for various dilutions of sputum. Dilutions are frequently 
necessary for proper homogenization. In the study here reported, with 
the optical system used, the measured area of the glass slide on which 
0.1 cc. of digested sputum was spread contained 28,000 oil immersion 
lens fields. 

Obviously errors in sampling are enormously multiplied in the calcula- 
tions, because of the small size of the sample selected and the immensity 
of the multiplying factor. Duplicates were considered acceptable if 
the larger of two counts on separate slides did not exceed the smaller by 
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more than 50 per cent. In exceptional cases counts were made on six 
slides. From 50 to 80 oil immersion fields were ordinarily counted in 
determining the average number of bacilli per field. With rigorous 
technique as outlined, acceptable duplicates were regularly achieved. 

In the study here reported, 880 twenty-four-hour specimens of sputum 
were examined. Approximately three-quarters of these were positive 
for tubercle bacilli. Nineteen per cent of the positive samples had been 
recorded as negative after examination of single smears. The average 
output of tubercle bacilli from colored patients was 894,000,000 bacilli 
per twenty-four hours, nearly eight times that in white patients. The 
highest count recorded in a twenty-four-hour sample was 20,499,918 ,000 
bacilli. 

The method proved of value in following the course of patients in a 
large pneumothorax clinic. In this clinic were instances of gradual 
conversion of sputum to negative, nearly abrupt conversion, intermit- 
tent conversion and total failure. The method was thus of value as a 
basis for continuing or discontinuing treatment and estimating the degree 
of danger to those in contact with the patient. 
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VITAMIN C IN TUBERCULOSIS! 
Ascorbic Acid Content of Blood and Urine of Tuberculous Patients 
CHIANG-E CHANG anp TIEN-HO LAN 


Constant occurrence of hypovitaminosis C in tuberculous patients, as 
determined by the subnormal excretion of this vitamin, has been observed 
by several investigators (1, 2, 3, 4, 5, 6). This naturally leads us to 
study whether the low excretion of this vitamin in tuberculous patients is 
due to increased destruction of the vitamin in the body (2, 3), increased 
metabolism of this vitamin in the body (7, 8), or altered renal threshold 
for the vitamin (9). Reports are also to be noted in the literature in 
which clinical improvement in the tuberculous process has been noted 
following augmented vitamin C intake (10, 11). Heise, e¢ aj. (12) ob- 
served that injection of ascorbic acid intravenously diminished the reac- 
tion to the cutaneous tuberculin test. All these investigations suggest 
evidence of a definite interrelationship between vitamin C and tuber- 
culosis. For further confirmation of this interrelationship, we have 
studied the vitamin C content in the blood and urine of a number of 
tuberculous patients. The cases chosen were of both sexes, all ages, 
different occupations and with various forms of tuberculosis. In all, 
100 patients and 10 normal individuals, acting as controls, were studied. 
The patients were from the tuberculosis clinic of the United Hospital, 
Chengtu. 

The saturation test was also carried out to see whether hypovita- 
minosis C in tuberculosis indicates an original unsaturation of the vitamin 
in the body (1, 2, 3, 8). 


EXPERIMENTAL 


Methods for determination of vitamin C in blood and urine: For two days 
before the determination, individuals studied were not allowed to take 
citrus fruits or other foods with a high vitamin C content, but they took 
ordinary diet. Blood specimens were taken before breakfast, while 
urine specimens were collected in eight-hour periods and preserved by 
the addition of 20 per cent metaphosphoric acid solution, the total 
amount of the urine voided in twenty-four hours being recorded. 


1 From the Department of Biochemistry, West China Union University, Chengtu, China. 
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(1) Determination of vitamin C in blood plasma: Five or more cc. of blood 
was oxalated in a tube which also contained 2 mg. of potassium cyanide, and 
2 cc. of plasma was pipetted into 8 cc. of 8 per cent metaphosphoric acid solu- 
tion. The mixture was stirred, stoppered and centrifuged. A 5 cc. aliquot 
(equal to 1 cc. of plasma) of the clear centrifugate was immediately titrated 
with standard 2,6-dichlorphenolindophenol solution. After a correction for 
the blank (which always should be performed parallel with the determinations), 
the ascorbic acid (vitamin C) was calculated and expressed as mg. per 100 
cc. of plasma. 

(2) Determination of vitamin C in urine: To 50 cc. of the freshly voided urine, 
5 cc. of 20 per cent metaphosphoric acid solution was added (this may preserve 
the vitamin C from deterioration for about eight hours). Two cc. of the 
mixture was withdrawn and mixed with 10 cc. of 3 per cent metaphosphoric 
acid solution, and titrated immediately with standard 2,6-dichlorphenolindo- 
phenol solution. After a correction for the blank, the vitamin C content was 
calculated and expressed as mg. per twenty-four-hour urine (13, 14, 15, 16, 17). 
(3) Procedure for the saturation test: Neither the tuberculous nor the normal 
groups were allowed to take breakfast, the fasting urine samples were collected 
and titrated as in the previous method. Two mg. of ascorbic acid per kilogram 
body weight (in the form of orange juice) was then given by mouth, and then 
urine specimens were collected and titrated at half-hourly intervals, as indi- 
cated in the graphic charts (18, 19, 20, 21, 22). 


RESULTS AND DISCUSSION 


It is interesting to note from table 1 that the vitamin C content in the 
blood plasma of tuberculous patients is very much lower than that in 
normal individuals (table 2 and chart 1). In tuberculous patients, the 
range of vitamin C content in blood plasma is from 0.03 mg. to 0.60 mg. 
per 100 cc., while in normal individuals the range is from 0.64 mg. to 
1.14 mg. per 100 cc. It is also interesting to note from chart 1 that the 
amount of vitamin C excreted in the urine in twenty-four hours by the 
tuberculous patients is very much smaller than that excreted by normal 
individuals. In tuberculous patients, the range is from 1.30 to 69.54 
mg. in twenty-four hour urine, while in normal persons the range is from 
24.40 to 72.60 mg. in twenty-four hours. The concentrations of vitamin 
C in both blood and urine in tuberculous patients are very much lower 
than in normal individuals. But those patients who excreted compara- 
tively large amounts of vitamin C in the urine showed a very low con- 
centration in the blood plasma; for instance, case 18, whose urinary 
excretion of the vitamin was 69.54 mg. in twenty-four hours, showed a 
blood plasma concentration of only 0.1 mg. per 100 cc. This may 
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TABLE 1 
Vitamin C content in blood and urine of tuberculous patients 


MG. 


HAE- VITAMIN 

DURATION MOPTY- COMPLICATIONS C PER 
TUBER- 

CULOSIS sIsS 100 cc. 

PLASMA 


0.44 
0.54 
0.39 
Pleural effusion* 0.24 
0.24 
Anal fistula 0.52 
Pleural effusion 0.30 
0.39 
Tuberculous meningitis 0.30 
Anal fistula 0.33 
Tuberculous laryngitis 0.27 
Pleural effusion 0.30 
Anal fistula 0.60 
Pleural effusion* 0.60 
0.10 
0.35 
0.35 
Pleural effusion 0.10 
Pleural effusion 0.35 
0.10 
0.10 
0.60 
0.45 
0.45 
0.29 
Tuberculous arthritis 0.29 
0.29 
Tuberculous laryngitis 0.29 
0.46 
Asthma 0.38 
0.12 
0.08 
0.12 
0.12 
0.28 
0.08 
0.16 
Asthma 0.04 
0.16 
Lymphadenitis 0.12 
0.04 
0.16 
0.24 


7 months 
9 months 
53 months 
9 months 
1 month 
52 months 
5 months 
23 years 

11 months 
4 months 
26 months 
1 month 
29 months 
10 months 
18 months 
24 months 
76 months 
months 
months 
years 

years 

years 

years 

months 
months 
years 

months 
months 
months 


months 
months 


6 months 
16 months 


M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 

F 

F 

F 

F 

F 

M 
M 
M 
M 
M 
M 
M 
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MG. 
CASE VITAMIN 
NuUM- | SEX | AGE C 24- 
BER HOUR 
URINE 
1 21 ++ 19.70 
2 29 21.70 
3 29 ++ 15.40 
4 30 ++ 20.80 
5 21 4+ 15.00 
6 26 ++ 20.40 
7 17 ++ 17.11 
54 ++ 33.50 
9 47 17.11 
10 25 47.20 
11 23 ++ 15.36 
12 20 33.52 
13 20 + 39.21 
14 24 34.05 
15 25 ++ 20.58 
16 28 +--+ 21.47 
17 47 ++ 9.23 
18 30 69.54 
19 24 23.88 
20 34 38.62 
21 22 +4 28.74 
22 23 ++ 56.87 
23 29 ++ 31.99 
24 26 4-4 18.11 
25 22 ff 7.86 
26 37 + 11.60 
27 29 +4. 24.56 
28 53 ++ 18.18 
29 22 4-4 32.81 
30 5.81 
31 23.79 
32 6 | 36.85 
33 6 17.89 
34 21.50 
35 12.30 
36 23.20 
37 33 P| ++ 9.60 
38 30 +} 5.24 
39 28 | 34 months +4 4.19 
40 21 | 14 months ++ 19.17 
41 45 4 months 15.42 
42 20 |} 7 months 9.20 
43 24| 4 months 24.51 
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TABLE 1—Continued 


F 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 

M 
F 

M 
M 
M 
M 
F 

F 

M 
M 
M 
M 
M 
M 
M 
M 
F 

M 
M 
M 


DURATION 


PUL- 
MONARY 
TUBER- 
CULOSIS 


COMPLICATIONS 


MG. 
VITAMIN 
C PER 
100 cc. 
PLASMA 


MG. 
VITAMIN 
C 24- 
HOUR 
URINE 


year 
months 
years 
months 


month 


months 
months 
years 
week 
months 
months 
months 
years 
months 


CONF UI & 


month 
week 
week 
years 
months 
months 
years 
week 
months 
months 
14 months 
6 months 
1} years 
7 years 
2 months 
2 years 
14 years 
1 week 
10 years 
6 years 
8 years 
1 year 
1 year 
14 weeks 
6 months 
1 month 


WO ATO 


Tuberculous laryngitis 


Pleural effusion 
Tuberculous peritonitis 


Tuberculous peritonitis 


Pleural effusion 


Tuberculosis of intestine 


0.16 
0.45 
0.37 
0.03 
0.60 
0.06 
0.49 
0.49 
0.33 
0.33 
0.33 
0.49 
0.33 
0.31 
0.48 
0.45 


0.03 
0.45 
0.49 
0.43 
0.43 
0.35 
0.26 
0.51 
0.49 
0.50 
0.48 
0.38 
0.45 
0.48 
0.45 
0.43 
0.08 
0.43 
0.43 
0.43 
0.43 
0.08 
0.22 
0.11 
0.09 
0.31 
0.31 


43.30 
19.50 

9.53 
16.94 
22.06 
29.82 
32.20 
11.36 
18.96 
34.07 
27.76 
13.98 
28.41 
40.29 
11.40 
17.08 


36.46 
60.03 
9.92 
52.46 
29.15 
26.87 
25.24 
22.87 
40.29 

7.33 
3.81 
9.98 
8.33 
14.48 
32.08 
16.78 
49.66 
27 .68 
38.56 
23.00 
42.91 
26.02 
7.62 
25.52 
3.57 
6.83 
40.98 
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= (| 
nNuM- | SEX | AGE MOPTY- 
BER SIS 
| 
44 | 24| 1 ++ 
46 2 i 
47 3 | 
48 
49 
50 28 
51 21 + | 
52 27 
53 37 i 
54 24 ++ if 
55 22 ++ 
56 25 | 1 + 
57 19 | 1 +4 i 
58 27 + i 
59 40 + 
61 
62 43 q 
63 30 
64 30 i 
65 36 + if 
66 23 
67 20 i 
68 22 i 
69 21 i, 
70 21 
71 21 
72 23 + af 
73 25 ++ 4 
74 18 + { 
75 22 ++ 
76 | 24 
77 27 ++ a 
78 24 ++ 
79 20 ++ ' i 
80 27 ++ 1 
81 36 + a 
82 21 i 
83 14 i 
84 20 ++ | 
85 36 
86 30 | | 
i! 
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TABLE 1—Concluded 


MG 
PUL- 


COMPLICATIONS C 24- 
HOUR 


CULOSIS 


Tuberculous laryngitis 12.29 
38.66 
11.96 
32.90 
4.25 
Pleural effusion 6.48 
Pleural effusion 1.30 
6.48 
4.08 
3.50 
3.70 
3.93 
3.67 
8.16 


SSR EE | 
FERRE RA 


Without * = Idiopathic pleural effusion. With * = Pleural effusion developed after 
artificial pneumothorax therapy. With ¢ = Childhood type. With + = Paxt history of 
haemoptysis. With ++ = Frank haemoptysis on admission. R = Right lung. L = 
Left lung. M = Male. F = Female. 


indicate a lower renal threshold for vitamin C (23) in tuberculous pa- 
tients. In many other cases there was a low vitamin C level in both 
blood and urine; this may again point to “unsaturation” of the vitamin 
in the body tissues. 

In table 3 we compare our results with those published by other investi- 
gators (4, 5, 24, 25). 

A further analysis of the results based on the severity of the tubercu- 
lous infection and on the different manifestations of the disease is shown 
in table 4. This indicates average figures of vitamin C content in blood 
plasma and urine. In normal persons, the vitamin C content in the 
blood averages 0.867 mg. per 100 cc. plasma, while the mean urinary 
excretion is 45.67 mg. in twenty-four hours. The severer the tuberculous 
infection, the lower the figure; for example, in tuberculous patients with 
unilateral pulmonary tuberculosis the vitamin C content is 0.373 mg. 
per 100 cc. plasma and 28.109 mg. urinary excretion in twenty-four 
hours. Tuberculous patients with bilateral pulmonary tuberculosis have 
a vitamin C content of 0.227 mg. per 100 cc. plasma and 20.546 mg. in 
twenty-four hour urine. 

In those with the childhood type of pulmonary tuberculosis, the 
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CASE 
NUM- | SEX | AGE DURATION 
BER 
RINE 
87 + 
88 
89 + 
90 + 
91 ++ 
92 
93 
94 
95+ 
97+ 
98t 
100t 
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vitamin C content in the blood is higher than in the adult type of pul- 
monary tuberculosis, while the quantity of vitamin C eliminated in the 
urine is very much less than in the adult type of tuberculosis. Possibly 


TABLE 2 
Vitamin C content in blood and urine of normal persons 


MG. VITAMIN C 
PER 100 cc. 
PLASMA 


MG. VITAMIN C 
24-HOUR URINE 


Hospital technician 0.64 23.40 
Hospital technician 0.64 28.80 
Hospital technician 0.67 30.72 
Hospital technician 0.91 69.12 
Hospital technician 0.67 26.88 
Hospital technician 0.77 36.48 
Medical intern 0.83 61.44 
0.88 72.60 
Hospital technician 1.02 58.50 
Physician 1.44 53.76 


CoM WD 
RRR 


Tuberculous patients Normal persons 


Jo oFequecteg 


0 


00.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.01.11.21.3 1.4 


mg. Of ascorbic acid per 100 c.c, plasma 


Cuart 1 


this is because children excrete comparatively smaller amounts of urine 
in twenty-four hours, and hence the amount of vitamin C contained in 
the urine is less than that in the urine of adults with tuberculosis. 
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TABLE 3 


Comparison of the blood concentration and 24-hour urinary excretion of ascorbic acid in 
tuberculous patients and normal individuals with those of other investigators 


MG. VITAMIN C PER 100 cc. MG. VITAMIN C PER 24-HOUR 
PLASMA URINE 


Authors’ cases 
Normal persons 0.64 -1.44 Av. 0.867 | 24.40-72.60 Av. 45.67 
Tuberculous patients 

0.03 -0.60 Av.0.293 | 1.30-69.54 Av. 20.826 

0.35 -0.49 Av. 0.430 | 3.50- 8.16 Av. 4.501 

Bumbalo and Jetter (4) 
Normal children 22.50-40.20 Av. 29.20 
Tuberculous, childhood type 2.80— 8.50 Av. 5.70 

Bumbalo (5) 
Normal children 11.20-71.20 
Tuberculous, childhood type 3.00-21.30 

Portnoy and Wilkinson (24) 
Normal persons (with excellent 

0.60 -1.85 22 .00-39 .00 

Chu and Sung (25) 
Normal children 0.542-0.800 

0.181-0.378 


TABLE 4 


Average amounts of ascorbic acid in 100 cc. plasma and twenty-four-hour urine in tuberculous 
and normal individuals 


MG. VITAMIN|MG, VITAMIN 
CrEri00cc.| C 24-Hour 
PLASMA URINE 


Normal persons 0.867 45.670 
Tuberculous patients with past history of haemoptysis 0.355 20.142 
Tuberculous patients with frank haemoptysis on admission. .. . 0.317 21.794 
Tuberculous patients with pleural effusion: 

(1) Idiopathic 0.180 | 29.744 

(2) After artificial pneumothorax therapy 0.420 | 27.425 
Tuberculous patients with tuberculous laryngitis 0.283 16.230 
Tuberculous patients with anal fistula 0.490 35.609 


Tuberculous patients with tuberculosis of intestine or peri- 
0.240 17.757 


0.210 5.525 
0.300 | 17.100 
0.290 | 11.600 
0.120 | 19.170 
0.373 | 28.109 
0.227 | 20.546 
0.430 4.501 


Tuberculous patients with bronchial asthma 
Tuberculous patients with tuberculous meningitis 
Tuberculous patients with arthritis 

Tuberculous patients with cervical lymphadenitis 
Patients with unilateral pulmonary tuberculosis 
Patients with bilateral pulmonary tuberculosis 
Patients with childhood type pulmonary tuberculosis 
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It is generally believed that vitamin C is essential for the maintenance 
of normal capillary permeability, and there are many who believe that 
deficiency of the vitamin will result in increased allergic reactions to 
certain infections (26, 2). Tuberculous pleural effusion has been con- 
sidered by many to be an allergic manifestation of tuberculosis. This 
seems a logical explanation in such cases, for, according to our study, 
tuberculous patients with pleural effusion showed low elimination of 
vitamin C in the urine and an extremely low level in the blood plasma, 
namely, 0.18 mg. per 100 cc. plasma and 29.744 mg. in twenty-four 
hour urine. The chest fluid withdrawn from tuberculous patients is 
transudate in character; possibly it is due to increased capillary perme- 
ability of the pleura (27, 28, 29). Tuberculous patients who developed 


TABLE 5 


Ascorbic acid excretion in urine (determined half-hourly) after taking ascorbic acid 2 mg. per 
kilogram body weight in tuberculous patients and normal individuals 


The following figures are expressed in mg. excretion per half hour 


44 5 
HOURS | HOURS 


34 4 
HOURS 


13 2 23 


HOURS HOURS | HOURS 


FASTING 
SAMPLE 


CASE 


3 
NUMBER 1 HOUR HOURS 


4 HOUR 


2.84 


21.60 
5.37 


32.17 
32.22 


30.07 
9.76 


12.21 


3.57 


13.83 
2.57 


1 4.62 | 2. 7.26 | 9.21 7.40 ‘ 

2 10.92 | 0.67 | 2.86 | 6.23 | 5.24) 8.09) 5.13) 2.55 | 0.74 
3 2.87 | 1.75 | 2.35 | 7.58 | 2.87| 5.27) 6.62| 2.74 | 2.28 
4 1.38 | 1.93 | 18.69 | 12.82 | 10.91) 9.29) 6.60) 5.97 | 0.45 
5 1.25 4.82 | 4.06 5.55 


7.74 | 2. 
4.00 


4.16 


* = normal persons. 


pleural effusions after receiving artificial pneumothorax therapy showed 
a higher vitamin C level in blood plasma than those with idiopathic 
pleural effusions; this indicates little depression in the vitamin C level of 
the blood plasma in those without pleural effusion before receiving arti- 
ficial pneumothorax therapy. The subsequent development of pleural 
effusion may be due merely to stimulation of the pleura (as the chest 
fluid produced no growth of organisms on culture media) in contrast to 
allergic causes. 

Schroeder (7) observed that hypovitaminosis C prolongs the coagula- 
tion time of the blood, diminishes the number of blood platelets and 
causes a decrease in haemoglobin. This observation may well apply to 
tuberculous patients who have a complicating haemoptysis as they show 
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a low level of the vitamin in blood and urine. Aside from tissue destruc- 
tion by the tuberculous process, the amount of blood lost in haemoptysis 
is certainly related to the coagulation time of the blood. We desire to 
study further the effect on the incidence of haemoptysis of the adminis- 
tration of ascorbic acid to tuberculous patients. 

Bronchial asthma is also frequently due to an allergic reaction. In 
the authors’ series of patients there are 2 cases with this complication. 
They showed an average vitamin C level of 0.21 mg. per 100 cc. blood 
plasma and 5.525 mg. per twenty-four-hour urine. The hypovita- 


Normal persons 


Tuberculous patients 


Jo 


30 40 50 60 70 


Amount of ascorbic acid excreted in 24-hour urine 
(in mg.) 


CuartT 2 


minosis C is probably due to tuberculosis rather than to the asthma, 
because at the time when we obtained the blood and urine specimens 
these patients were already free from asthmatic symptoms. 

Hypovitaminosis C occurs also in patients with tuberculous laryngitis, 
tuberculous meningitis, tuberculosis of the intestine or peritoneum, 
lymphadenitis, tuberculous arthritis and anal fistula. The severer the 
complication, the greater the hypovitaminosis C (1, 2). 

The tuberculous patients and normal individuals on whom we per- 
formed the saturation test were all college students. There were 5 
tuberculous patients and 2 normal individuals in all. 
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In the normal control group (chart 3), there was a prompt rise (7, 30) 
of the vitamin excretion beginning from one and one and one-half hours 
after taking the orange juice, with an average maximal recovery of 45 
per cent of the added vitamin in this period. This would seem to indi- 


b> 
° 
Q 


2 3 4 
Time in hours 


Cuart 3. Excretion of ascorbic acid in urine (determined half-hourly) after taking as- 
corbic acid 2 mg. per kilogram body weight in normal individuals. 


cate that the body tissues of normal individuals were already saturated 
with vitamin C and that the additional feeding caused a spilling over of 
the excess vitamin into the urine. 

In the tuberculous group (chart 4), except for case 4 (who had minimal 
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pulmonary tuberculosis and had nearly reached the quiescent stage), 
the chart shows very little increase in vitamin excretion between one and 
one and one-half hours after taking the orange juice; the average maximal 
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Cuart 4. Excretion of ascorbic acid in urine (determined half-hourly) after taking 2 mg. 
per kilogram body weight in tuberculous patients. 


recovery was only about 8 per cent of the added vitamin. But in case 4, 
who had the mildest tuberculous infection of the whole group, the vitamin 
excretion in this interval reached to about 18 per cent. These results 
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indicate quite conclusively that there is definite unsaturation of vitamin 
C in the body tissues of tuberculous patients, and that the degree of 
unsaturation is proportional to the severity of the infection. On the 
whole, vitamin C can be considered a threshold substance (31), which 
affords assistance in assessing the severity of the tuberculosis. 


SUMMARY 


1. A study of the vitamin C content of the blood and urine of tubercu- 
lous patients is presented. 

2. The concentration of vitamin C in both blood and urine of tubercu- 
lous patients is very much lower than in normal individuals probably 
due to a lower renal threshold for this vitamin. 

3. The severer the tuberculous infection, the lower the vitamin C level 
in blood and urine; cases complicated with idiopathic pleural effusion 
showed the lowest blood concentration. 

4. The degree of saturation of vitamin C in the body is proportional 
to the severity of the tuberculous infection. 


The authors are indebted to Dr. L. G. Kilborn and Dr. Leong Chi-hsien for their valuable 
codperation and suggestions. 
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THE ATTENUATION BY X-RAYS OF HUMAN TUBERCLE 
BACILLI! 
(Second Paper) 


W. F. DREA 


It has been reported by Drea (1) that long continued, intermittent, 
almost daily irradiation with X-rays for 336 to 1,092 hours (628,992 to 
2,044,224 r units) resulted in the attenuation of the virulence of the 
strain H37 of human tubercle bacilli. 

One objection has been made that over such a long period of time a 
spontaneous attenuation could have occurred. This is possible, espe- i 
cially since this has been reported to have occurred for no apparent ( 
reason. However, it did not take place in the control cultures grown fi 
under the same conditions as were the irradiated cultures. 


To meet this objection a single culture of the H37 strain was irradiated i 
intensively over a period of four successive days. Tests for virulence i 
were then made as indicated below under technique I. i 


A second objection made was that the synthetic medium was so 4 
altered by the X-rays that attenuation happened as a result of growth q 
upon this altered medium and not because of direct action by the X-rays fi 
upon the bacilli. A brief investigation of this possibility is described i 
under technique II. 


TECHNIQUE I 


The technique was as reported before (1) except that the bacilli were j 
irradiated for thirty-six hours (60,480 r units) over a period of four days.? 
Both the control and the irradiated bacilli were kept in the X-ray labora- | 

| 


tory at room temperature until the irradiation had been completed. 
Some of the irradiated bacilli were then ground and suspended in 0.8 
per cent sodium chloride solution. The suspended bacilli were then 
planted on Corper and Cohn’s egg medium in Petri dishes for the develop- 
ment of colonies. The same was done with the nonirradiated control 


1 From the Colorado Foundation for Research in Tuberculosis, Colorado College, Colorado 
Springs, Colorado. 

2 The dosimeter for measuring the intensity of the X-rays was loaned by the National 
Research Council. 
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bacilli. The colonies were then transplanted for three successive times 
to synthetic media, growth being permitted to take place for three 
weeks between each transplant. 

From the third transplants, clumps of bacilli were taken, ground and 
suspended in 0.8 per cent sodium chloride to give 2 mg. of bacilli to 1 ml. 
Subcutaneous injections of 1 ml. (2 mg. of bacilli) were made in the right 
groins of guinea pigs. Four animals were injected with each colony 
strain tested. Twelve control and twelve irradiation colony strains 
were tested. The survival times were used as the tests for virulence. 
Autopsies were done on all of the animals. 


TECHNIQUE II 


Synthetic medium was irradiated with X-rays for sixty hours and then 
planted with bacilli from the same parent strain used for the direct 
irradiation of the bacilli. At the end of three weeks’ incubation, a trans- 
plant was made to fresh synthetic medium which had been irradiated for 
sixty hours. This was repeated three more times. Irradiation of the 
synthetic medium was thus for a total of 300 hours (561,600 r units) and 
at no time were the bacilli irradiated. Tests for virulence were on two 
groups of four guinea pigs, one group being infected subcutaneously with 
the descendents of bacilli growing on the previously irradiated culture 
media and the other with the control bacilli growing on nonirradiated 
media under the same conditions. The infecting dose was 10-* mg. 
bacilli in 0.8 per cent sodium chloride solution injected subcutaneously 
in the groin. 

RESULTS 


A summary for the irradiation and control subcolony strains is placed 
in table 1. 

The mean survival period for the twelve groups of four guinea pigs 
each, inoculated with the descendents of the irradiated bacilli, is 95.5 
days; for the control animals this number is 65.6 days. Calculation of 
the relevant statistics shows that there is less than one chance in 29 that 
the difference between these averages is due to chance. (For this calcu- 
lation the twelve groups of four guinea pigs each were considered as a 
series of 12 experiments. If they were considered as a series of 48 
experiments, the significance would, of course, be greater.) 

Seven colony strains out of twelve from the irradiated parent culture 
were associated with longer average survival times than the longest 
average survival time of the controls. 


TABLE 1 


DESCENDENTS OF IRRADIATED CULTURE, 2 MG. BACILLI 
INJECTED SUBCUTANEOUSLY 


DESCENDENTS OF NONIRRADIATED CULTURE, 2 MG. 
BACILLI INJECTED SUBCUTANEOUSLY 


Colony strain index 


Animal 
number 


Survival days 


Colony strain index 


Animal 
number 


Survival days 


X-ray #1 


M= 63.8 


Control #1 


21 M = 33.3 
27 
28 
137 


Control #2 


Control 


Control #4 


Control 


Control #6 


Control #7 


Control 


103 


* 


Control #*9 


71 
74 
81 


M = average duration of life for 1 colony strain in a group of four animals. 
* cause of death not determined and this animal dismissed from consideration. 
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1) | 1 H 
2 | 57 2 

3 | 68 3 F 

4 89 4 

X-ray #2 5 | 2M= 643| 5 | 44 M=55.5 i 
6 | 57 6 | 48 

7 | 16 7 | 57 

8 | 82 8 | 73 i 

X-ray #3 9 | 33 M= 71 Pe 9 | 22 M=55.8 
10 | 45 10 | 57 

11 | 92 11 | 64 | 

12 | 109 12 | 80 

X-ray #4 13 | 42 M= 13 | 32 M=59 
14 | 48 14 | 42 

is | 88 15 | 66 

16 | 126 16 | 

X-ray #5 17 | 32 M= 80 Pe 17 | 39 M=63.8 : 
18 | 59 18 | 51 i 

19 | 74 19 | 81 

20 | 155 20 | 84 } 

X-ray #6 21 | 51 M= 8&6 21 | 42 M = 643 
22 | 70 22 | 69 i 

23 | 87 23 | 72 ; 

24 | 136 24 | 74 

X-ray #7 232 | 0 M= 6.3| 25 | Si M=65.8 
26 | 41 26 | 58 i 

27 | 67 27 | 59 

28 | 207 28 | 95 ; 

X-ray #8 | 29 | 21 M= 87.9| Em | 29 | 31 M=68.3 ' 
30 | 40 30 | 71 { 

31 | 134 31 | 72 | 

32 | 156 32 | 99 i 

X-ray #9 3 | 8M= 3.7 | 33 | 49 M=68.8 
34 | 96 34 

35 | 35 

36 | 36 

i 
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TABLE 1—Concluded 


DESCENDENTS OF IRRADIATED CULTURE, 2 MG. BACILLI DESCENDENTS OF NONIRRADIATED CULTURE, 2 MG. 
INJECTED SUBCUTANEOUSLY BACILLI INJECTED SUBCUTANEOUSLY 


Animal 


Survival days 


Colony strain index De Survival days Colony strain index 


X-ray #10 37 48 M= 98.8 Control #10 37 
38 38 
39 39 
40 


X-ray #11 Control #11 41 
42 
43 
44 


X-ray #12 Control #12 45 
46 
47 
48 


The shortest average survival time for the strains from the irradiated 
culture was longer than the average of four of the controls and equal to 
a fifth one. 

Almost all of the animals in the irradiation and control groups had 
extensive tuberculosis of the spleen, liver and lungs. No differences in 
the amounts of tuberculosis were noted between the experimental and 
control groups. 

The irradiated synthetic media did not attenuate the virulence of the 
bacilli. The average survival time for the irradiation group of four 
animals was 128 days; for the control group it was 131 days. 


DISCUSSION 


In this experiment attenuation of virulence was again brought about 
through the action of X-rays upon tubercle bacilli. The attenuation was 
not so pronounced as in the first work reported. This can be accounted 
for by the much larger total dose of X-rays given during the first experi- 
ment when the bacilli were growing and being transplanted. During the 
second investigation the total irradiation of thirty-six hours was delivered 
to presumably nongrowing, though living, bacilli. 

Apparently, the irradiation of the culture medium itself is without 
effect upon the virulence of the bacilli growing on it. 

It appears reasonable, then, to suppose that the attenuation comes 
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about as a result of the direct action of the X-rays upon the bacilli and 
that the attenuating effect is a cumulative one. 

The quantum theory of radiation and the small volumes of the bacilli 
make necessary a very large number of quanta to insure that any single 
bacillus will be ionized. This accounts for the large doses of X-rays 
necessary to produce these results. 

That the attenuation is not temporary is shown by the effects of inject- 
ing subcutaneously 2 mg. of the Q X-ray #12 strain. In the first work 
reported the average duration of life for six guinea pigs was 240.6 days, 
and four of these did not die of tuberculosis. In a second test upon four 
guinea pigs, one animal died in 231 days and the other three are alive and 
in good health at the end of 919 days. The average duration of life with 
nonirradiated bacilli is 65.4 days. 


CONCLUSIONS 


1. A culture of human tubercle bacilli irradiated with X-rays for 
thirty-six hours (60,480 r units) had some of its virulence attenuated. 

2. The attenuation produced by irradiation for 336 to 1,092 hours 
(628,992 to 2,044,224 r units) of successively transplanted cultures of 
human tubercle bacilli was considerably more pronounced than for the 
single culture irradiated for thirty-six hours. 


3. Direct action of the X-rays upon the bacilli is indicated as the cause 
of attenuation. 
REFERENCE 
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THE IMMUNIZING PROPERTY OF HEAT-KILLED 
TUBERCLE BACILLI? 


A. P. DAMEROW 


Although the existence of a specific immunity in tuberculosis was 
recognized rather vaguely by specialists long before the bacteriological 
era of medicine, the clear demonstration for scientific evaluation did not 
occur until the past decade (1). Gradually, however, purer materials 
have replaced Old Tuberculin, and it has become possible to grow tubercle 
bacilli for experimental purposes on simple media, free of interfering 
substances of complicated structure, so that the bacilli and their products 
only can be evaluated (2). Improved methods of filtration have made 
it possible to free the bacilli from the products of growth and to prepare 
materials aseptically without preservatives or antiseptics (3), as required 
in the preparation of Old Tuberculin, thus making a specific reaction 
more reliable. Likewise, the more accurate definition of avirulent 
tubercle bacilli as differentiated from virulent bacilli and other acid-fast 
microérganisms has presented an added method of evaluation and test 
(4, 5). It has been the practice for some time in the Research Depart- 
ment of the National Jewish Hospital to endeavor to approach the 
problems of tuberculosis on a quantitative basis and, wherever possible, 
to use comparative, controlled experiments with known negative and 
positive tests when available. In earlier studies (6) on the production 
of specific immunity with avirulent tubercle bacilli, it was found that 
heating at about 100°C. for one or more minutes, or lower temperatures, 
resulting (7) in the loss of viability of the bacilli by heat, destroyed the 
specific immunizing antigenic value. These results did not agree with 
the findings recorded in 1927 (8) in which heat-killed bacilli were found 
to possess immunizing value. The findings recorded in 1927 were not 
striking and the methods used might be open to criticism at present, in 
that allergy was used as an index of immunity and was tested with 
large amounts of OT (5 per cent dilution), and duration of life (193 
versus 143 days), following a relatively large single infecting dose, 


1 From the Research Department of the National Jewish Hospital, Denver, Colorado. 
? This study was aided by the Jacques Labarrere Fund for Tuberculosis Research. 
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was taken as a main criterion of results. Although not warranting 
human use (9), the findings did appear plausible, especially in the light 
of subsequent publications from other sources in which heat-killed bacilli 
TABLE 1 
The immunizing effect of avirulent tubercle bacilli 
ORGANIC 

TUBERCULOSIS 

2 MONTHS AFTER 

SUBCUTANEOUS 


PRIMARY UTANEOUSLY INFECTION WITH 
0.000,1 Mc. 
VIRULENT 
HUMAN TUBER- 
CLE BACILLI 


Bacilli suspended in 1.3 per cent NaHCO; Ot No appreciable local 
lymph nodes{ 
Bacilli suspended in 0.25 per cent NazCQOs. . 0 1+ local lymph nodes 
Bacilli suspended in 0.9 per cent NaCl solution. . . 0 1+ local lymph nodes 
With horse serum and 0.9 per cent NaCl solution. . 0 1+ local lymph nodes 
With horse serum and 0.25 per cent NasCOs; (final 
1+ local lymph nodes 


per cent Na2CO; (final concentration) ; Partial immunity but not 
consistent in all animals 
Heated bacilli and 0.25 per cent Na2CO; : Slightly better than the 
infection controls 
Heated bacilli and 1.3 per cent NaHCO; : Slightly better than the 
infection controls 
Heated bacilli in 0.9 per cent NaCl solution F Slightly better than the 
infection controls 
Heated bacilli in 0.9 per cent NaCl and unheated 
infection controls 
Heated bacilli in 0.9 per cent NaCl with heated 
horse serumt About the same as 
controls 


No treatment, infection controls ee 4 


* The primary injection was given one month before infection. All ‘‘heated bacilli’’ were 
kept in a boiling water bath for thirty minutes. 

+ The horse serum coagulated when heated and had to be introduced with a trocar which 
did not prove entirely satisfactory. The addition of the NasCO; prevented this coagulation 
of the serum. 

t The findings recorded in this column are the average findings for at least 4 animals used 


in each set. 


were used for producing specific immunity. In 1937, Opie and Freund 
(10) reported that heat-killed tubercle bacilli repeatedly injected into 
or below the skin of rabbits increase conspicuously their resistance against 
infection with virulent tubercle bacilli. Protection against tuberculous 
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infection following the administration of heat-killed tubercle bacilli in 
rabbits is only slightly less than that given by BCG. Addition of cer- 
tain antigens, notably heated horse serum, increases the protection given 
by heat-killed tubercle bacilli so that it is approximately the same as that 
afforded by BCG. Subsequently, Freund, Casals, and Hosmer (11), 
following the work of Saenz, found that killed tubercle bacilli in paraffin 
oil produce sensitization in rabbits and antibody formation with greater 
intensity than live BCG. Saenz (12) obtained more pronounced skin 
hypersensitiveness with heat-killed tubercle bacilli in oils than that 
obtained with virulent infection or heat-killed bacilli in saline. He 
subscribes, as do Freund and Angevine (13), to the view of allergic re- 
tardation of infection, suggested earlier by Krause. Saenz obtained a 
relative retardation of virulent infection by previous inoculation of the 
heat-killed bacilli in oil. In order to study these phenomena in the 
light of our previous observations and with human tubercle bacilli, the 
guinea pig appeared to be the animal of choice for our tests. For stand- 
ard immunizing purposes and quantitative evaluation under various 
conditions, a viable avirulent human tubercle bacillus (previously de- 
scribed as Avirulent Human, Corper) was used for specific immuniza- 
tion and for comparing the bacilli treated in various ways. A highly 
virulent strain of human tubercle bacilli ( #160, capable of infecting 


Fic. 1. The effect of heat on the immunizing value of avirulent human tubercle bacilli in 
guinea pigs. 

a. Infection control: the organic tuberculosis found two months after subcutaneous infec- 
tion with 0.000,1 mg. virulent human tubercle bacilli. 

b. Immune control: the absence of organic tuberculosis in a guinea pig immunized by the 
subcutaneous injection of 1 mg. of avirulent human tubercle bacilli one month prior to infec- 
tion with virulent human tubercle bacilli, as control a. 

c. Test: given 1 mg. nonviable (heat-killed) avirulent human tubercle bacilli subcutane- 
ously one month prior to virulent infection, as control a. Note only slight retarding effect 
upon the organic tuberculosis. 

Fic. 2. The effect of chemical reaction and heat on the immunizing value of avirulent 
human tubercle bacilli. 

a. Infection control: the organic tuberculosis two months after subcutaneous infection 
with 0.000,1 mg. virulent human tubercle bacilli. 

b. Acid treated nonviable (heat-killed) avirulant human tubercle bacilli used for immuni- 
zation. Note definite detrimental effect of hydrochloric acid on immunizing principle in 
nonviable avirulent human tubercle bacilli (1 mg.), given subcutaneously one month prior 
to virulent infection as in a. 

c. Alkali treated nonviable (heat-killed) avirulent human tubercle bacilli used for immuni- 
zation. Note slight retarding effect of 1.3 per cent sodium bicarbonate on immunizing 
principle in nonviable bacilli (1 mg.), given subcutaneously one month prior to virulent 
infection as in a. 
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guinea pigs in amounts of 0.000,000,01 mg. or less given subcutaneously) 
was used for infecting. The results obtained in saline and in weak al- 
kaline reagents, such as sodium bicarbonate, with viable and heat-killed 
(boiling water bath for thirty minutes) avirulent human tubercle bacilli 
as well as in the presence of an adjuvant such as horse serum, are recorded 
in table 1. 


TABLE 2 


The effect of heated human avirulent tubercle bacilli on experimental tuberculosis in 
guinea pigs 


ORGANIC TUBER- 
CULOSIS 2 
MONTHS AFTER 
INFECTION WITH 
0.000,1 MG. VIRU- 
LENT HUMAN 
TUBERCLE BA- 
CILLI SUBCUTA- 
NEOUSLY 


PRIMARY INJECTION OF 1 MG. SUBCUTANEOUSLY AND TREAT- 
MENT OF BACILLI* 


1.3 per cent NaHCO; (isotonic) 2+* Slight effect 

0.5 per cent HCl (final concentration) 4 A little more tuberculosis 

than infection controls 

0.9 per cent sodium chloride neutral to brom- 
thymol-blue No effect 

HCl, acid to brom-thymol-bluef A little more tuberculosis 

than infection controls 

NaHCO0O,, alkaline to brom-thymol-blueft Appreciable effect but not 

to be compared with 

“viable” immune con- 

trols 

Controls immunized with viable bacilli Slight local adenopathy 

but no other evidence of 

tuberculosis 

Infection controls 3 


* All suspensions were heated in sealed ampoules for thirty minutes in a boiling water 
bath except the controls. All immunized animals were treated one month prior to virulent 
infection. 

Tt 1 drop 3 per cent HCl added to 10 cc. of saline suspension. 

t 3 drops 1.3 per cent NaHCO; added to 10 cc. of saline suspension. 


The findings recorded in table 1 make it apparent that the- viable aviru- 
lent human tubercle bacilli produce a specific immunity in the guinea pig 
which is not equalled by any mixtures in which heat-killed bacilli have 
been used. However, there does appear to be a slightly greater efficiency, 
even for the viable avirulent tubercle bacilli, if they are prepared in 1.3 
per cent sodium bicarbonate solution (using a few drops of sodium tauro- 
cholate (14) for obtaining a good suspension) instead of the usual 0.9 
per cent sodium chloride diluent. The fact appears rather interesting, 


IMMUNIZATION WITH TUBERCLE BACILLI 517 


and no explanation can be offered for it, that the heated mixture of 
sodium carbonate, horse serum and bacilli has a slight retarding effect 
upon the virulent infection as compared with the heated bacilli suspended 
in sodium carbonate (0.25 per cent) or sodium bicarbonate (1.3 per cent); 
the latter preparations exerted a slight retarding effect as compared with 
the infection control. Although it would appear unjustified to claim a 
specific effect from the addition of horse serum, it may well be within the 
realm of possibilities that the slight retardation noted is due to a non- 
specific stimulation. 

In order to observe further the possible effect of weak alkalies and 
acids upon the specific immunization by heat-killed bacilli, a series of 
animals was treated with heat-killed avirulent human tubercle bacilli 
which had been suspended in sodium bicarbonate (1.3 per cent), hydro- 
chloric acid (0.5 per cent), and in 0.9 per cent sodium chloride solution 
to which just a trace of these chemicals was added to definitely change 
the reaction to brom-thymol-blue. All of these suspensions were heated 
in sealed ampoules in the boiling water bath for thirty minutes. The 
results of these studies are recorded in table 2. 

The findings recorded in table 2 again show a pronounced effect of 
specific immunization with viable avirulent human tubercle bacilli, while 
heat-killed bacilli suspended in sodium bicarbonate solution show a 
comparatively slight retarding effect upon the virulent infection. Hydro- 
chloric acid treated bacilli on the other hand disclose the entirely opposite 
effect of slightly enhancing the virulent infection. It appears obvious 
from these results that quantitative comparative tests are of the utmost 
importance for evaluating specific immunity in tuberculosis and that 
the suggestion of using a viable avirulent control as well as a virulent 
infection control is important. 


SUMMARY 


1. Heat-killed, as compared with viable avirulent human tubercle 
bacilli do not produce an efficient specific immunity against virulent 
experimental infections in guinea pigs. 

2. The slight retarding effect upon virulent infection produced by 
heat-killed tubercle bacilli in guinea pigs depends upon whether the 
bacilli are suspended in weak alkali (sodium bicarbonate or sodium 
carbonate) or in weak acid (hydrochloric acid). The acid suspensions 
in contrast to the alkaline show an enhancing effect upon the virulent 
infection. 
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PORTABLE PNEUMOTHORAX APPARATUS 
ELMER HIGHBERGER, JR.! 


The high cost as weil as the excessive weight of the majority of pneumo- 
(thorax apparatus on the market have induced the author to make his own 
pneumothorax apparatus. None of the essential features of the larger, more 

umbersome apparatus are lacking in this small, easily made and inexpensive 
apparatus weighing less than three pounds. 

Housing: As the photograph illustrates, the instrument resembles a portable 
sphygmomanometer in size and appearance. The housing consists of a ¢ inch 
three-ply wood box measuring with its hinged cover 16} by 3} by 23 inches. 
The length of the instrument may be reduced even more by shortening the 
length of the water manometer. The author has preferred a manometer 
with both positive and negative limbs, at least 16 cm. in length. The coats 
of alcohol- and water-resistant varnish, the brass corners, hinges and screw 
knob, the friction catch and stay hinge are inexpensive hardware. 

Manometer scale: A background of white enamel 143 by 23 inches is painted 
on the inside of the cover of the housing after the housing has been given several 
coats of clear varnish which have been allowed to dry thoroughly. On this 
background of white enamel the manometer scale is printed with waterproof 
India ink which is applied with a draughtsman’s pen. A coat of clear varnish 
is applied over the scale in order to fix it. 

Manometer tube: This is made by shaping soft glass tubing of 0.6 cm. in 
outside diameter and 0.4 cm. in inside diameter over a small butterfly burner. 
The distance between the two arms of the manometer tubing should be at 
least 1.7 to2cm. The patent end of the manometer tube should be bent out 
4 to 5 mm. from the surface of the cover to permit application of the rubber 
stopper or cap over the open end of the manometer while the closed end of the 
manometer should be formed by bending this end of the glass tubing outward 
and approximately parallel to the remainder of the closed arm. The completed 
manometer tube is then affixed to the scale by small staples which can be 
made from some soft metal such as zinc and painted by dipping, if they cannot 
be purchased at a hardware store. 


1 Greensburg, Pennsylvania. 
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Installation of three-way stopcock: A bar of three-ply wood 3.5 cm. in width 
is nailed across the bottom of the box approximately 10 cm. from the base 


Fic. 1 


opposite the attachment of the hinges holding the cover. A hole 0.6 cm. in 
diameter is drilled through the centre of this bar. The hub of a metal Becton 
and Dickinson three-way stopcock is inserted in this hole and fixed by three 
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staples, applied over the rubber tubing attached to the arms of the three-way 
stopcock and connecting them with the manometer, the chest needle and the 
hand pump. The rubber tubing leading from the manometer to the stopcock 
may also be attached to the cover by staples. The rubber tubing connecting 
the stopcock with the chest should be at least a meter in length. Pure gum 
rubber tubing j inch in outside diameter and ? inch in inside diameter is to 
be preferred. The adapter connecting the needle to the tubing may be a 
metal Luer-type or one made of glass. 

Cotton air filter: A cotton air filter is interposed in that portion of the rubber 
tubing near the chest outlet. This can be made from the bulb of a volumetric 
pipette (10 cc. capacity) by breaking off excess tubing from both ends of the 
bulb or it can be made by shaping soft glass test tubes or tubing over a butter- 
fly burner. Attach the filter to the tubing after filling it with absorbent 
cotton. 

Hand pump: This is a two-way Becton and Dickinson metal hand pump of 
30 cc. capacity with a scale on the plunger graduated in 5 cc. intervals. Accu- 
rately measured quantities of air may be rapidly or slowly introduced into, 
or withdrawn from, the chest with this pump. A rubber bulb of 30 cc. ca- 
pacity with, or without, a two-way valve may be substituted for this metal 
pump, thus making the operation noiseless. 

The author has found this simple apparatus of great value in his private 
house practice and has also used it in his sanatorium work. Initial pneumo- 


thoraces may be instituted under negative pressures by closing the stopcock 
outlet to the chest. Only one unassisted operator is required. Easy port- 
ability, nominal cost and proved durability enhance its value to the practicing 
phthisiologist. 
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A PNEUMOTHORAX APPARATUS 


Designed for Suction and Irrigation of the Pleural Cavity 
BASIL PAPANICOLAOU! 


An apparatus is presented for suction and irrigation of the pleural cavity 
and for artificial pneumothorax, the construction of which was achieved thanks 
to the collaboration of Mr. Papadiamantopoulos, technician. I wish to avail 
myself of this opportunity to express my warm thanks to the Scientific Council, 
as well as to the Board of Directors of the “Soteria” Sanatorium Hospital, 
Athens, Greece, who have aided in my efforts and approved the construction 
and use of this apparatus. 

By this new apparatus, which is operated by electricity, the suction and 
irrigation of the pleural cavity is performed under manometric guidance. 

But the great advantage of this apparatus consists in the fact that it allows 
the simultaneous suction of fluid from the pleural cavity and the introduction 
of air, or the simultaneous irrigation and the withdrawal of the air. Thus, 
in performing suction and irrigation, we avoid, on the one hand, abrupt fluc- 
tuations of pressure in the pleural cavity, and on the other hand, we attain 


the greatest possible speed in performing suction and irrigation of the pleural 
cavity without any discomfort to the patient. 
The main parts of the apparatus consist of: 


: An electric switch, with resistance 

: A small motor 

A centrifugal machine in a small water reservoir 

A vacuum apparatus or air water-pump 

A bottle for the collection of the pleural fluid (B 1) 

: A bottle containing the antiseptic fluid for irrigation (B 2) 
: A bottle for the pneumothorax (B 3) 

A manometer 

: Four main and three auxiliary cocks 
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To put the apparatus into action, we connect it with the electric current, 
we open the electric switch of the apparatus and regulate the speed of the 
motor’s revolutions by adjusting the resistance and thus set in motion the 
centrifugal machine, which is inside the reservoir, and thereby the water 
itself. 

' National University, Athens, Greece. 
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The first cock (no. 1), which is placed over the electric apparatus, regulates 
the flow of water, now toward the vacuum system and again toward the pneu- 
mothorax bottle or in both directions at once. That is to say, if we turn the 
cock to V, the water flows toward the vacuum system and thereby we create 
a vacuum in the collecting bottle B1 and in the cock 4; if we turn it to P, the 
water flows toward the pneumothorax bottle (B3); and lastly, if we turn the 
cock to VP, the water flows simultaneously both to the vacuum system and to 
the pneumothorax bottle and we obtain at the same time both suction of the 
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pleural fluid and introduction of air, or irrigation of the pleural cavity and 
withdrawal of air. 

The second cock (no. 2), which is above and between bottles B1 and B2, 
serves to bring the suction needle into communication with the collecting 
bottle B1, if we turn the cock to V, and with the washing bottle B2, if we turn 
the cock to L. 

The capacity of these bottles is 750 cc., but may be made greater or smaller, 
as desired. After withdrawal of 750 cc. of pleural fluid, we allow the fluid 
collected in bottle B1 to run off by opening the auxiliary cock T1 at the bot- 
tom of the said bottle, in order to continue the suction, thereby transferring 
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the fluid by a rubber tube to a vessel unconnected with the apparatus; after 
this, we close the auxiliary cock and continue the suction. 

The bottle B1 can be emptied in a few seconds. 

The third cock (no. 3), which is between the bottle B2 containing the 
antiseptic fluid and the pneumothorax bottle (B3), serves to allow the escape 
of the air in B3, which is forced out by the inflow of water from the reservoir. 

Thus, by turning this cock to L, we divert this air to B2, the bottle contain- 
ing the antiseptic fluid; in order that we may wash the pleural cavity, the air, 
by exerting pressure on the antiseptic fluid, forces it to find an outlet through 
cock 2, the rubber tube and the suction needle toward the pleural cavity. 
By turning the cock to P, we proceed to force air into the cavity by the pneu- 
mothorax needle PN; in this case, the air flows toward cock 4 and thence by 
the rubber tube and the pneumothorax needle into the pleural cavity. 

After the antiseptic fluid in bottle B2 is used up, we refill the bottle with a 
fresh supply by means of a funnel attached to a rubber tube, by opening the 
auxiliary cock T2 at the bottom of the bottle B2. 

The fourth cock (no. 4), which is situated between the pneumothorax 
bottle and the manometer, is fitted with a rubber tube, to which is attached 
the pneumothorax needle PN. It can be turned in three directions. If we 
turn it to V, we establish communication between the pleural cavity and the 
air water-pump, in which a vacuum is created and thus we withdraw the air 
from the pleural cavity; if we turn the cock to P, we introduce air into the 
pleural cavity; and if we turn it to M we establish communication between the 
pleural cavity and the manometer, in order to follow the readings of the latter 
and to regulate the pressure. 

The pneumothorax bottle B3 has a capacity of 750 cc. After filling it by 
introducing water from the reservoir, we empty the water back into the reser- 
voir by opening the auxiliary cock T3, which is at the bottom of the bottle. 

Technique of suction and irrigation of the pleural cavity: The apparatus is 
constructed in such way as to operate according to the technique recommended 
by F. L. von Muralt and P. Weiller, which is the best thus far devised. These 
writers recommend, for suction or irrigation, the use of two needles, one for 
draining the pleural fluid from the pleural cavity, the other for taking mano- 
metric readings and for the introduction and withdrawal of air. 

The puncturing needle is connected with the Potain bottle and an irrigator 
containing the antiseptic fluid for irrigating; the second needle is connected 
with an apparatus for artificial pneumothorax. By the use of two needles the 
pressure is regulated by introducing or withdrawing air during suction or 
irrigation. This is a perfection of the technique of irrigation which thus far 
was defective in this respect. 

Similar to the technique of von Muralt and Weiller is that recommended 
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by Bramesfeld, and by Bezangon, Agoulay and Tournant, who used the 
Cadenat apparatus instead of that of Potain. 

From the above detailed description of my apparatus one may perhaps 
gather the impression that its operation is difficult and complicated, but in 
reality it is very simple. 

After the insertion of the suction needle at a point low down in the pleural 
cavity, we set the apparatus in motion by turning the electric switch. For 
suction we turn cocks 1 and 2 over to V; for irrigating the pleural cavity, we 
turn cock 1 to P and cocks 2 and 3 over to L. 

If above the pleural fluid there is an air-space, then we insert simultaneously 
the pneumothorax needle at a point higher up in the pleural cavity; we turn 
cock 4 to M and then proceed with suction or irrigation under the guidance 
of the manometer. 

For the introduction of air into the pleural cavity cocks 1, 3 and 4 must be 
turned to P. For the withdrawal of air we must turn cocks 1 and 4 to V. 
If there be no air space above the pleural fluid, we insert the pneumothorax 
needle PN after we have created an air-space by the withdrawal of pleural 
fluid. 

For simultaneous suction and introduction of air into the pleural cavity, 
cock 1 must be set at VP, cock 2 at V and cocks 3 and4at P. If we wish to 
follow the manometric readings, we must set cock 4 at M. For simultaneous 
irrigation and withdrawal of air, cock 1 should be set at VP, cocks 2 and 3 at 
L and cock 4 at V. 

My apparatus has more advantages than the devices now in use for suction 
or irrigation. It has been in use for the past six months in the “Soteria” 
Sanatorium Hospital with excellent results. 

Of the other apparatus now in general use, that of Moreli has the disadvan- 
tage that, by the use of only one needle, suction or irrigation is not guided by 
manometric readings and the simultaneous introduction and withdrawal of 
air is not possible. The vaccum is created and the washing is performed by 
a pump worked by hand. 

By my apparatus the evacuation of 1,000 to 1,500 cc. of pleural fluid is 
performed in five or ten minutes and the washing in twenty minutes, without 
any unpleasant subjective symptoms on the part of the patient, thanks to the 
simultaneous regulation of the pressure in the pleural cavity. 


CONCLUSIONS 


This newly constructed apparatus, electrically operated, permits of suction 
and irrigation of pleural cavity under the guidance of manometric readings, 
and in addition it permits of simultaneous introduction and withdrawal of air. 
These performances, the apparatus performs with speed, thoroughness and 
without discomfort to the patient. 
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STATISTICAL DATA 
Edited by JESSAMINE S. WHITNEY 


CHANGES IN AGE-SPECIFIC TUBERCULOSIS DEATH RATES 


The accompanying chart shows the changes which have occurred in the 
tuberculosis death rate by age and sex in the United States during a thirty- | ; 
seven year period. The first striking fact is the dissimilarity of the general a 
pattern of the two curves. The next, that there have been declines at every Hi 
age period in both sexes, but these have not been uniform. 


Tuberculosis death rates per 100,000 population by age and sex, United States registration area, 1900 to 1937 


In a posthumous article,! Dr. Wade Hampton Frost discusses these changes 
and particularly “the progressive advancement to higher and higher ages of 
the peak of mortality.” In his analysis he separates the age groups into 
“cohorts” and traces each through the total span of life. For instance the 
group aged 50 to 60 in 1930 were children 0 to 9 years of age in 1880. He 
finds that in successive “cohorts” the age selection has been uniform, which 
“suggests rather constant physiological changes in resistance (with age) as 
the controlling factor.” 


1 Wade Hampton Frost: The Age Selection of Mortality from Tuberculosis in Successive 
Decades, American Journal of Hygiene, November, 1939, 30, 91. 
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The author concludes that the present high peak does not represent post- 
ponement of maximum risk to a later period, but is the residuum of the much 
higher rates the now aged cohorts have experienced in earlier life. ‘To have 
passed through a period of high mortality risk confers not protection but added 
hazard in late life.” 


SUPPLEMENTARY METHOD OF CASE-FINDING IN TUBERCULOSIS 


With the increase in sputum examinations of pneumonia patients for 
pneumococcus typing, an opportunity presents itself for testing the same 
specimens for tubercle bacilli. In the Minnesota State Department of Health 
laboratories, this has been routine procedure for the past three years, if the 
sputum specimen was sufficient in amount. During that period 4,029 sputum 
specimens from pneumonia patients were examined for tubercle bacilli, and 41 
specimens, or 1.02 per cent, showed their presence. Only 7 of the 41 patients 
had been previously reported as tuberculous. 


THE HIGH TUBERCULOSIS RATE AMONG YOUNG ADULTS 


Two recent studies?* have emphasized the high tuberculosis rate among 
young adults, particularly young women, a universal phenomenon, and have 
attempted some explanation of it. The English study emphasizes the accord 
between “real wages” (allowance being made for purchasing power of money) 
and variations in the tuberculosis death rate particularly that of young women. 
The beneficial effect of higher wages is reflected particularly in improvement 
in housing conditions, lessening overcrowding, which the authors feel is the 
social factor of greatest significance in relation to tuberculosis. 

The other study by Wolff, based on United States figures, seeks to account 
for the lack of decline of the tuberculosis mortality rate among young women 
in the immediate post-war period. He makes a statistical comparison between 
the birth rate and the tuberculosis mortality rate and finds a distinct correla- 
tion. The birth rate increased in that post-war period, and then after a few 
years decreased again. But during this same period the tendency of the rate 
for young women to decline more slowly than that of young men was first 
observed. The author feels that there is a close connection here which cannot 
be demonstrated statistically for want of sufficient data. But it is reasonable 
to suppose that the level of these specific death rates is in close connection 
with maternal activity. 


2 P. D’Arcy Hart and G. P. Wright: Tuberculosis and Social Conditions in England with 
Special Reference to Young Adults, A Statistical Study, National Association for the Pre- 
vention of Tuberculosis, London, 1939. 

* Georg Wolff: The Decline of Tuberculosis Mortality in Specific Age Groups in the 
United States and the Absence of this Decline in Young Women after the World War, 
American Journal of Hygiene, November, 1939, 30, 63. 
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ANALYSIS OF TUBERCULOSIS MORTALITY IN ARIZONA 


Since Arizona has the highest state tuberculosis mortality rate in the 
United States, 221.6 per 100,000 in 1938, an analysis of this mortality recently 
made by the Division of Vital Statistics of the Arizona State Board of Health 
is of interest. 

Two-thirds of all deaths occurred in the counties of Maricopa and Pima 
in which the cities of Phoenix and Tucson are situated. Sixty-six per cent of 
the total deaths were of males. Fifty-seven per cent had resided in the state j 
over five years and 47 per cent, ten years or more. 

The Indian population of the state contributed 17 per cent of the total | 
tuberculosis deaths. (At the time of the last census, 1930, the Indians com- F 
prised 10 per cent of the population in Arizona.) P| 

For those death certificates on which the place where tuberculosis was con- 4: 
tracted was indicated, 55 per cent stated that the disease was contracted in 4 | 

{ 


Arizona. 

There was no concentration of tuberculosis deaths in the winter months, 
as might be expected, but they were fairly well distributed throughout the 
entire year. 


TUBERCULOSIS IN WESTERN AUSTRALIA 


The report* of the Public Health Department for this area, covering the 
years 1937 and 1938, shows a reduction of 33 per cent in the mortality rate 
from tuberculosis of the respiratory system in the last decade, from 58 per 
100,000 in 1929 to 39 in 1938. In the United States the corresponding decline 
was 36 per cent. 

In reporting tuberculosis cases, western Australia is below the figure of the 
United States which in 1938 was 1.7 new cases reported to each death. In 
western Australia the ratio is 1.3 cases to every death. 

Commenting on the campaign for further tuberculosis control, the report 
considers the fundamentals to be: 


A: Removal of source of infection from the family. 
B: Provision of adequate financial support to insure the effective nutrition of 
the family under suitable environmental conditions. 


CORRECTING TUBERCULOSIS DEATH RATES 


A report’ of the Vital Statistics Division of the Bureau of the Census focuses 
attention on the importance of reallocating tuberculosis deaths to usual place 
of residence to get a true picture of tuberculosis incidence, rather than to 


4 Report of the Public Health Department for the Years 1937 and 1938, Western Australia. 
5 Deaths from Tuberculosis (all forms) by Place of Residence: United States, 1935 Vital 
Statistics—Special Reports, Bureau of the Census, Washington, D. C., September 21, 1938. 
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assign them to place of occurrence as is the usual practice. The Vital Statistics 
Division, with WPA assistance, made such a reallocation of all tuberculosis 
deaths in the United States for the year 1935. 

The report shows that most of the nonresident shifting was from urban 
to rural areas. In 1935, 32,924 persons died of tuberculosis in urban areas, 
but a total of 35,627 actual residents of urban areas died of tuberculosis. 
There was a corresponding reduction in deaths in rural areas from 37,156 
to 34,453. 

The report also indicates that most of the nonresident movement is within, 
rather than between states, with the exception of the southwestern states. 
However, in individual cities and counties the figures may be greatly changed. 


BRONCHIECTASIS! 
A Study of Prognosis Based on a Follow-up of 400 Patients 


KENNETH M. A. PERRY? anp DONALD S. KING* 


During the last ten years the advance in chest surgery has been such 
that the operative mortality for lobectomy in bronchiectasis has been 
reduced to about 10 per cent. Certain surgeons report an even lower 
mortality rate, such as Churchill with 3.3 per cent mortality in 122 
lobectomies (on 116 patients) and Tudor Edwards whose 12 per cent 
mortality rate in 166 cases was reduced to 3.7 per cent in the last 54 
of the series. It therefore becomes important to study the natural 
course of the disease in order to decide if, and in what circumstances, 
a patient should be advised to accept this 10 per cent or less operative 
risk, and what his chances of cure or degree of improvement may be if 
he takes the risk. 

With this in view, the 400 cases of proved bronchiectasis treated 
in the Massachusetts General Hospital in the years 1926 through 1938 
were reviewed. The diagnosis in each case was made by roentgeno- 
graphic examination. The progress of this group of patients after 
establishment of the diagnosis was studied in order to try to prove or 
disprove the present general impression that the patient with bron- 
chiectasis is for the rest of his life a burden to himself and to others 
and that he is doomed to a relatively early death, and in order to compare 
the results in a group treated surgically with a group treated with- 
out surgery. In leading up to this discussion of prognosis we shall 
give some general statistics and discuss briefly the theories as to 
aetiology. 


1 Presented at the Medical Clinic held at the Massachusetts General Hospital at the 
35th annual meeting of the National Tuberculosis Association, Boston, Massachusetts, June 
28, 1939. 

2 Working at the Massachusetts General Hospital on a Dorothy Temple Cross Fellowship 
awarded by the Medical Research Council of Great Britain. 

3 Massachusetts General Hospital, Boston, Massachusetts. 
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GENERAL STATISTICS 


The patients included in the present group were divided according to 
the year of their first admission to the Massachusetts General Hospital 
as follows: 


NUMBER OF PATIENTS YEAR NUMBER OF PATIENTS 


33 1933 23 
18 1934 33 
13 1935 51 
8 1936 47 
19 1937 66 
23 1938 39 
27 Total 400 


The increase in the number of patients admitted from 1935 on is un- 
doubtedly due to the increasing success of thoracic surgery. 

The sex incidence was: males 214 and females 186. 

The age of the patients at onset of the disease and the duration of 
disease when the patient was first seen, assessed as accurately as possible 
from the history, are shown below: 


PER CENT 


AGE AT ONSET OF GROUP 


Females 


Under 10 years 83 42 
11 to 20 years 47 27 
21 to 40 years 46 24 
Over 40 years 18 10 7 


APPARENT DURATION OF DISEASE WHEN FIRST SEEN NUMBER PATIENTS PER CENT OF GROUP 


10 
10 
; 10 
3— 5 years 16 
6-10 years 19 
Over 10 years 35 


The type of bronchiectasis and the extent of the disease in each case 
was studied by bronchography and found as follows: 


i 
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YEAR 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
NUMBER 


BRONCHIECTASIS 


TYPE OF BRONCHIECTASIS PER CENT OF GROUP 


Cylindrical 
Saccular 


BILATERAL 


Right upper 

Left upper 

Right middle 

Right middle and lingula left upper 
Right middle and left lower 

Right middle, left lower and lingula 
Right middle and right lower 

Right middle, right lower and left lower 
Right lower 

Left lower, or left lower and lingula* 
Right lower and left lower 

Right lower, left lower and lingula 
Right lower, right upper and left lower 
Entire right 

Entire right and left lower 

Entire left 

Five lobes 3 


108 179 113 
(27%) (45%) (28%) 


* Churchill and Belsie found that in left lower lobe bronchiectasis the lingula was involved 
in 80 per cent of the cases. 


AFTIOLOGY 


Although the aetiology of bronchiectasis was very completely dis- 
cussed by Graham, Ballon and Singer in 1935, subsequent important 
publications together with the large size of the present group make a 
short discussion of aetiology justifiable in this paper. The causes of 
bronchiectasis as given by the patients in our series are shown in table 1. 
These figures show a striking similarity to those of Warner in his analysis 
of 104 cases at the Toronto General Hospital. 

It has been noted by all students of this disease that the left side is 
more predominantly affected than the right. Duken and Van den 
Steinen suggest as reason for this that (/) the right bronchus is a con- 
tinuation of the trachea and therefore is more easily drained, (2) there 
is a constriction of the left bronchus where the left pulmonary artery 


- 


| 

533 

LOBES INVOLVED RIGHT LEFT es i 

| 

1 

| 


534 KENNETH M. A. PERRY AND DONALD S. KING 


crosses it, (3) the left bronchus is narrower than the right and in children 
is easily compressed by the artery. Our studies substantiated these 
theories to some extent particularly in the group with onset under ten 
years of age. In these 167 children, 103 had predominantly left sided 
and 32 predominantly right sided lesions, while in 32 they were un- 
predominantly bilateral. A less marked point of corroboration was 
found in the small group (11 patients) with “dry” or “haemorrhagic” 
bronchiectasis. Eight of these were right sided, 6 of whom in the five 
or more years they were followed developed no infection. This suggests 


TABLE 1 
Aetiology (entire group) 


JUNG INVOLVEMENT 
NUMBER OF | PER CENT 


PATIENTS OF GROUP 


Right Bilateral 


Pneumonia. . . 110 28 26 40 
Acute respiratory infection 49 12 13 12 
Following tonsillectomy and adenec- 
43 11 
35 9 
Foreign body 18 4.5 
Postoperative (other than tonsillec- 
tomy and adenectomy) 16 4 
10 
Contagious fevers 2 
Pleural effusion 


27 


108 179 


* It will be noted that we left out of this series bronchiectasis that developed in association 
with benign and malignant tumors of the bronchi and bronchial tuberculosis. 


good drainage, and this would be more probable through the straight 
right bronchus than through the left. 

Because the actual cause of bronchiectasis is unknown many theories 
have been advanced. Miller suggests that it is of congenital origin, 
but since bronchiectasis is often caused by foreign bodies, often develops 
in middle life and is rarely found in necropsies on stillbirths, its con- 
genital origin seems extremely doubtful. In this connection it is of 
some interest to note that 6 of our patients (5 previously published 
by Adams and Churchill) had a combination of sinusitis, complete 
situs inversus and bronchiectasis. 


AETIOLOGY 
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Hamman summarized the present knowledge of the aetiology of 
bronchiectasis clearly when he wrote: “Both clinically and at autopsy 
the relationship between bronchial obstruction and bronchiectasis is 
firmly established. Moreover only when the two are found together 
is the cause of bronchiectasis satisfactorily explained. When bronchial 
obstruction cannot be demonstrated then the cause of bronchiectasis 
is a matter of conjecture and dispute.” 

Andrus discussed the physical forces capable of dilating the bronchi 
and showed that the abnormal forces created by collapse of lung were 
those most likely to cause dilatation of the bronchi. The experimental 
work of Weinberg and that of Lander and Davidson also showed collapse 
to play an important part in the production of bronchiectasis. Ellis, 
Findlay, Richards, Anspach and other pediatricians have drawn atten- 
tion to the fact that lobar collapse often occurs in the course of pneu- 
monia in childhood. They have noted particularly the opaque triangular 
shadow which is seen so frequently behind the heart shadow in roent- 
genograms. In 167 patients in this series the age of onset was in the 
first decade, a period when pneumonia, measles, whooping cough and 
other contagious fevers are common, and all of these diseases may give 
rise to collapse. Also they are illnesses of which an unsatisfactory 
history will be obtained in later life because they are disregarded in 
many instances as the usual diseases of childhood and the details are 
forgotten. We consider it possible that collapse associated with one 
of these illnesses can lie dormant for many years until a purulent bron- 
chitis is superimposed. Jennings has reported a case complete with 
excellent roentgenograms showing cylindrical bronchiectasis in a col- 
lapsed left lower lobe which followed an attack of pneumonia. Three 
months later when the lobe was reéxpanded the bronchi were normal. 
We also have seen such a disappearance of “bronchiectasis,”’ but it is 
probable that if iodized oil is injected into a collapsed lobe it will always 
show bunching and cylindrical dilatation of the bronchi. That this 
has not been observed frequently is doubtless due to the fact that iodized 
oil is rarely instilled into a patient with pneumonia and the involved 
lobes reéxpand quickly. 

The view that bronchiectasis is due to superimposing an infectious 
element on a mechanical deformity is further born out by the fact that 
the disease is maximum when it is first diagnosed. The absence of 
spread was corroborated in our present series. Roentgenograms of 
the chest as well as physical examinations were made of 114 patients 
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who returned for check-up. The time intervals between the first and 
last films ranged from one to nineteen years and in only 6 patients was 
there any evidence of spread of the disease, and even in these 6 the spread 
was minimal or questionable. Furthermore all 6 patients were subject 
to intercurrent attacks of bronchopneumonia which may well have 
spread to healthy lung, causing further collapse and hence mechanical 
dilatation of other bronchi. 

No answer has yet been found to the all-important question as to 
why some collapsed lobes complicating pneumonia do not reéxpand 
while the majority reéxpand within a week or two. Two explanations 
are possible, one that ulceration of the bronchus with stricture formation 
prevents reéxpansion, the other that failure of complete resolution of 
the pneumonia gives rise to extensive fibrosis throughout the collapsed 
lobe. The latter would fit in with the clinical picture. 


THE RELATIONSHIP OF SINUSITIS TO BRONCHIECTASIS 


Of the present series, 216 patients were examined from the point of 
view of establishing whether they had, or had previously had, sinusitis. 
Of these 216, 66 per cent were found to have had some manifestation 
of sinusitis. Goodale studied and published in 1938 a series of 75 of 
these same patients. He examined them both clinically and by roent- 
genogram and found evidence of sinus infection roentgenographically 
in 46, and 18 of the 29 negative cases had a history or clinical evidence 
suggestive of sinusitis, recurrent and acute or mild and chronic. 

The close association between the two conditions has been stressed 
frequently in the literature, certain writers, such as Bloch and Francis, 
considering sinusitis the cause of bronchiectasis and others beside Goodale 
believing it merely an associated condition. We favor the latter theory 
since there are many patients with bronchiectasis who neither have nor 
have had sinusitis. On the other hand, the patient with bronchiectasis 
is an individual whose respiratory tract is in a state of markedly lowered 
resistance. It is not surprising therefore to find him subject to frequent 
colds. Our review of this particular group showed that the degree of 
sinusitis is closely related to the frequency of head colds, each cold being 
usually associated with a flare-up of sinusitis. A patient who raises a 
large amount of sputum invariably coughs some through his nose and 
here is at least a potential source of infection for the sinuses, which may 
reverse the cause-and-effect theory of Bloch and Francis and others. 
Improvement in sinusitis is associated with improvement in the general 
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health of the patient, but bronchiectasis and sinusitis remain two distinct 
conditions, the improvement of one being only contributory to improve- 
ment of the other by way of improved general health and increased re- 
sistance. It is of interest to note, from the point of view of apparent 
aetiology, the number of our patients in whom sinusitis was associated 
with bronchiectasis. 


Group (216 patients) analyzed with special reference to associated sinusitis 


PATIENTS WITH | PATIENTS WITH 
SINUSITIS NO SINUSITIS 


Pneumonia 46 20 
Upper respiratory infections and contagious fevers 23 
Whooping cough 16 
Post-tonsillectomy 12 
Foreign body 1 
Measles 
Other causes 14 
Unknown 31 


Total (216) 143 


SYMPTOMS 


Dilatation of the bronchi before bronchial infection is added gives 
rise to no symptoms except that small or large haemoptyses frequently 
occur. Such cases are called dry or haemorrhagic bronchiectasis (Wall 
and Hoyle, King). Out of our 400 patients only 11 came under this 
heading, their only symptom being haemoptysis or cough and haemopty- 
sis. Roles and Todd found that, out of their 14 cases of dry bronchiectasis 
with haemoptysis as the only early symptom, 10 developed symptoms 
of infection within six years and 3 died of their disease. Analysis of 
our small group in table 2 shows different findings. Of the 8 living and 
traced patients, 5 are in excellent condition, 2 are in fair condition and 
one is in extremely poor condition. 

When, however, stagnant chronic bronchitis is present the chief symp- 
toms are cough and purulent sputum. These symptoms are frequently 
worse in the morning, the purulent secretions having increased in quan- 
tity during sleep and irritated the less diseased mucous membrane 
higher up the bronchial tree. Cough and purulent sputum were present 
in 378 cases in the present series; haemorrhage developed later in 148, 
the size of the haemorrhage varying in severity from slight streaking to 
massive haemoptysis sufficient in 4 patients to cause death. 
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When the bronchiectasis is extensive and a great deal of lung tissue 
is destroyed the patient usually becomes dyspnoeic, particularly on 
exertion. Because of the foul odor of his sputum and breath the patient 
whose disease is severe is unpleasant to himself as well as to others, and 
as a natural result he frequently develops psychologic manifestations 
(Churchill). In two instances in our series this led to suicide. 


TABLE 2 
Dry or haemorrhagic bronchiectasis 


DURATION OF DISEASE LOCATION OF DISEASE 
NUMBER 


1938 sTATUS CASES 


3-5 yr. | 6-10 yr. | 11-15 yr.| Over 20 | Right Bilateral 


3 1 1 3 7 
1 
1 


Totalf 10 3 2 8 


* Three developed symptoms of infection later. 
t One patient had a right lower lobectomy and is now in excellent condition. She is 
not included in the table. 


COMPLICATIONS 


1. Atypical pneumonia: Recurrent attacks of atypical pneumonia are 
common and were noted in 96 instances in the present series. They 
are the greatest danger the patient with bronchiectasis has to face. 
This fact is not surprising because quantities of sticky secretion af- 
fording culture media for pathogenic organisms are an important factor 
in the aetiology of any pneumonia. In addition to true pneumonia 
the bronchiectatic patient is apt to develop recurrent colds and upper 
respiratory infections, frequently associated with exacerbation of symp- 
toms and often with haemoptysis. 

2. Lung abscess: It is probable that bronchiectasis not only gives 
rise to lung abscess but may also develop as a complication of lung 
abscess. When the infection from a large bronchiectatic sac spreads 
into the lung tissue a lung abscess is the result. It is surprising that 
the chronic infection in bronchiectasis remains inside the bronchi in 
any instance and that its spread is not more common than it is. Because 
of the difficulty in distinguishing between bronchial and pulmonary 
infection, Lord has aptly termed the combination of lung abscess and 
bronchiectasis ‘“‘bronchopulmonary suppuration.” Primary lung abscess 
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almost always gives rise to a considerable amount of collapse of the sur- 
rounding lung and therefore on the basis of collapse-aetiology theory 
to an accompanying bronchiectasis. Eventually this will progress until 
cause and effect are indistinguishable and the final picture may possibly 
represent the type of bronchiectasis frequently called cystic. 

3. Cor pulmonale: It is natural if the bronchiectasis is extensive that 
there will be obstruction to the pulmonary circulation and that eventually 
right-sided heart failure will develop. In our group 9 deaths were due 
to right-sided heart failure. In all 9 the disease was very extensive 
and in 6 it was bilateral. 

4, Brain abscess: Bronchiectasis is occasionally complicated by brain 
abscess, most frequently in the right frontal lobe. The explanation 
for the predominance of this location is that it is the most direct route 
for a haematogenous metastasis to follow. It occurred in 8 of our 
400 cases. 

5. Empyema and pyopneumothorax: The bronchiectatic cavity some- 
times ulcerates through to the pleural cavity, giving rise to an empyema 
and more rarely to a pyopneumothorax. The strongest contraindication 
to artificial pneumothorax therapy in bronchiectasis is the possibility 
of this complication. In the present series there were 14 instances of 
empyema (excluding postlobectomy empyemata) which necessitated 
rib resection and drainage, and 4 cases of spontaneous pyopneumothorax. 

6. Amyloid disease: As in all chronic suppurative disease, amyloidosis 
occasionally occurs as a complication of bronchiectasis. (There was 
one instance in this series.) If any signs of this condition develop, 
surgery to eradicate the suppurative focus, if at all possible, is indicated, 


PROGNOSIS AND COURSE OF THE DISEASE 


The principal object of this investigation being to establish the course 
and prognosis of bronchiectasis, a follow-up study of 400 proved cases 
offered a good basis on which to work. The final figures used in the 
different analyses date as of January, 1939. Of the 337 traced patients, 
84 were dead (32 having had necropsies performed); 188 reported back 
to the hospital where physical examination and in most instances roent- 
genograms of chest and sinuses were made; 65 answered a questionnaire. 
Of the 63 untraced patients, 18 had been seen in the hospital as late as 
January, 1937; and a search through the death records in the Bureau 
of Vital Statistics showed that none of the 63 had died in the state of 
Massachusetts. Further analysis divided the 400 patients into two 
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groups, 140 who received major surgery (that is, thoracoplasty, exteriori- 
zation, lobectomy or pneumonectomy) and 260 who were treated non- 
surgically. Prognosis of the “natural course’ of the disease must be 
based on this latter group. 

Nonsurgical group: By January, 1939, 55 per cent of the 260 non- 
surgical patients were traced and found to be living, 19 per cent were 
untraced, and 26 per cent of the total group were known to be dead. 
This last figure is of itself evidence of the serious nature of bronchiectasis 
and shows the need for attempting cure by major surgery whenever 
possible. It should be pointed out, however, that the mortality in 


TABLE 3 
Analysis of the dead in the nonsurgical group 


FINAL DURATION OF DISEASE 


INVOLVEMENT AND TYPE IN YEARS 


CAUSE OF DEATH 


PATIENTS 


Unilateral 
Bilateral 
Cylindrical 
Undetermined 
Miscellaneous 


« | Pyopneumothorax 


42 
24 


5 


| Cystic 
Pneumonia 

w wm | Brain abscess 

w w | Right heart failure 

| Haemorrhage 


dS 
© 


6 
1 4 


66 | 32) 34; 10 5 | 19 6 | 13 10 


Of the ‘“‘miscellaneous” deaths, 5 were due to intercurrent disease, 2 to suicide and 5 to 
unknown causes. It will be seen that the great majority of deaths were due to the disease 
itself or its complications. 


our operated and unoperated groups is not exactly comparable since 
the unoperated group contains the patients who, owing to extensive 
disease, were inoperable. The 66 dead in the nonsurgical group were 
analyzed with the results as shown in table 3 and figure 1. 

Head, in discussing the prognosis of bronchiectasis writes: “In a 
series of 200 cases which I studied, 50 per cent began before the tenth 
year, but of those over forty years old few or none dated the onset to 
childhood. This suggests that most of those affected in childhood suc- 
cumbed to pneumonia, lung abscess, brain abscess or some other complica- 
tion of the disease before reaching forty.””’ Comparing the 400 in our 
series with Head’s 200, we found 42 per cent with the onset of bronchi- 
ectasis occurring before the tenth year, and only 9 patients over forty 
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who dated the onset to childhood. On the other hand, in 137, or 34 
per cent of the entire group of 400, the duration of the disease was over 
ten years; and,of the 96 of the 260 nonsurgical cases who developed 
bronchiectasis before the tenth year, 34, or 35 per cent, lived more than 
twenty years after the onset. (Of these 34, 8 are known to be dead at 
the respective ages of twenty-four, twenty-eight, thirty-four, thirty-six, 
thirty-eight, forty, forty-two and forty-three—average age thirty-five 
years.) But to date only 9 patients (9.4 per cent) have lived thirty 


Age at Death (Non-Surgical Group) 


Number 


Age at Death 


'Cases 
21-30 yr) 31-40 41-50 yrpl-60 yrjOver 60 yr, 


— 


31-40 yr.| 41-50 yr 


Fic. 1 


or more years after the onset. This group of 96 was made up of 49 
males and 47 females, but at the time of the final analysis (January, 1939) 
the mortality of the males in proportion to that of the females was three to 
one, while the duration of the disease over twenty years was two to 
one in favor of the females. 

An estimation of prognosis was attempted by careful analyses of our 
nonsurgical group from many different angles, that is, by the age of 
onset, the duration of disease when first seen, the type of bronchiectasis, 
the location of disease, sex and the apparent aetiology. The results 


i 

| 1-10 yr] 11-20 

° | 

§----4} -------4_ | 

1-10 11-20 yrj 21-30 yr Over 60 yr 

| 

4 


542 KENNETH M. A. PERRY AND DONALD S. KING 


of all these studies merely corroborated observations made by other 
writers but brought out no startlingly new facts. In the group with 
onset in the second decade, males were affected in almost a five to three 
ratio with the females; and the male incidence was higher than the 
female in each succeeding decade. The mortality rate for the group 
of traced males was 36 per cent as compared to 26 per cent in the fe- 
males.‘ Fifteen per cent of the traced males lived to over twenty years 
after the onset of disease and 27 per cent of the females lived for the 
same period of time. Eight per cent of the males and 11 per cent of 
the females lived thirty years or over. 

Of the dead, 17 had been seen for the first time when the duration 
of their disease was less than two years. The average duration of disease 
at death in this group was 2.3 years. Another 17 of the dead had had 
their disease more than ten years when they were first seen, and their 
average duration of the disease at death was 23.3 years. 

The prognosis is poorer for those with saccular or cystic bronchiectasis 
than for those with cylindrical (mortality in our series, cystic 55 per 
cent, saccular 37 per cent and cylindrical 13 per cent); poorer for those 
' with bilateral than with unilateral involvement (bilateral, 42 per cent 
mortality, unilateral 25 per cent). 

We were interested in comparing the figures of our 400 cases studied 
over a period of twelve years with the 106 whom Roles and Todd studied 
for six years. Of their 49 who did not receive surgical treatment 23 
died during the period of observation, a mortality rate of 47 per cent. 
Of this same group of 49, 41 per cent had cylindrical bronchiectasis, 11 
of whom were dead; and 59 per cent had saccular bronchiectasis, 12 of 
whom were dead. 

After studying the group who died, the next consideration was the 
course of the disease and the kind of existence lived by those who could 
be followed. Most of the patients continue to have the same symptoms 
of cough, sputum and occasional haemoptysis. Often the amount of 
sputum increases and becomes foul in odor though the patient mercifully 
may lose his appreciation of this fact through the loss of his sense of 
smell. He remains however unpleasant to relatives and friends and 
suicide figuring twice in the causes of death in our series indicates the 
patient’s own unhappiness in living with his disease. Frequently the 
patients are short of breath and are able to do only part-time work either 


4 The 26 per cent mortality rate mentioned in the beginning of the discussion of the non- 
surgical group was based on the entire group, including the untraced patients. 
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because of this dyspnoea or easy fatigability. Of our nonsurgical 
group, 144 were living and traced. The final check-up showed 127 
continuing to have cough, 123 raising sputum, and 33 having haemopty- 
ses of varying degrees. Assessing the living capacity of an individual 
is an arbitrary thing, and in our series was done entirely by one of us, 
who, being an outsider and working for a year only at the Massachusetts 
General Hospital, was in a position to give an unbiased estimate. He 
found 38 per cent of this group in excellent condition, 42 per cent in 
fair condition, and 15 per cent in poor condition with 5 per cent in ex- 
tremely poor condition. It appears that individual reaction is again 
an important factor because of those in excellent condition 27 per cent 


TABLE 4 
Modern lobectomy and pneumonectomy (Dr. Edward D. Churchill’s series) 


SINGLE BILATERAL 
LOBRCTONY LOBBCTOMY TOTAL LOBECTOMIES PNEUMONECTOMIES 
AGE AT 
OPERATION 

Number | Number | Number | Number | Number Number 
Patients| Deaths | Patients! Deaths 


Number | Number | Number 


Patients Opera- | ‘Deaths Patients | Deaths 


10 


had saccular or cystic bronchiectasis (the type with the poorest prog- 
nosis) and 15 per cent had had their disease over twenty years. 

Surgical group: Our operated group consisted of 140 patients. In 
order to study them and make a fair comparison of results with the 
nonsurgical group they were divided as follows: 14 on whom thoraco- 
plasty or the older exteriorization type of lobectomy was performed; 
10 on whom pneumonectomy was performed because of the extent of 
their disease; and 116 on whom lobectomy of the modern type was per- 
formed. The results in the two latter groups are shown in table 4. 
These figures show an operative mortality rate of 3.3 per cent in 122 
lobectomies. Two patients of the group have died since operation; one 
died ten months postoperatively through refusal to have further surgery 
on a residual empyema; and the other developed pneumonia twenty-one 
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months postoperatively, then otitis media, and eventually had a right 
mastoidectoniy and died of pneumococcic meningitis. 

The causes of death in the 16 operated dead in all three surgical groups 
are shown in table 6. 

Of the entire surgical group, 109 were traced and found to be living. 
Only 2 of those who received early surgery were among these and both 
were in poor condition. Two of the living who had pneumonectomy 
and 71 of those who had modern type lobectomy are considered to be 


TABLE 5 
Time interval since operation (living and traced) 


NUMBER OF NUMBER OF 
YEARS SINCE OPERATION PATIENTS WITH PATIENTS WITH 
MODERN LOBECTOMY PNEUMONECTOMY 


44 3 47 
24 1 25 
12 12 
13 13 
4 4 
6 6 


TOTAL NUMBER 
PATIENTS 


TABLE 6 


OLD TYPE MODERN TOTAL 
OPERATION LOBECTOMY NUMBER 


3 2 
3 
Haemorrhage, wound 1 1 
Pericarditis 1 
Collapse contralateral lung 
Septicaemia 


16 


in excellent condition. One with pneumonectomy and 25 with lobectomy 
are in fair condition; and only 4 of those with modern lobectomy are 
in very poor condition. 


CONCLUSION 


Bronchiectasis is a condition in which the lung has been damaged 
irreparably, the bronchi dilated and a purulent infection superimposed. 
Cure therefore can be secured only by total extirpation of the damaged 
portion of the lung. In view of the steadily decreasing operative mor- 
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tality rate, simple lobectomy or removal of a diseased bronchopul- 
monary segment may be advised without hesitation to the patient Hy 
suffering from bronchiectasis. Even when the disease is bilateral the i 
risk in bilateral lobectomy is in many cases not too great to be recom- 
mended. The successful surgeon, by means of iodized oil injection, 
will, to quote Churchill, ‘‘delineate the complete pattern of the disease 
before operation.” Belsey advises that at least two months’ time be 
allowed to elapse between the introduction of the oil and operation in 
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order that all the oil may be expectorated. Retained oil may otherwise 
block the bronchi and interfere with reéxpansion of the residual lobes 
of the lung. No scoliosis or other physical deformity need result from 
the operation, and the benefits derived from the cure of long-endured 
symptoms far outweigh any minor postoperative discomforts, such as 
a possibly tender scar, etc. 

Nonsurgical treatment can offer at best only palliation of symptoms. 
These palliative measures are well known and need not be repeated. In 
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our group artificial pneumothorax treatment was tried in 6 cases. Pyo- 
pneumothorax resulted in 2 instances. Deep roentgen therapy, advised 
by Berck and Harris, was carried out in 7, but no clinical improvement 
resulted. It is possible that larger doses might have been more effective. 
Phrenic evulsion was performed in 4 cases (excluding those on whom the 
procedure was carried out as a prelobectomy measure); no permanent 
relief followed. 

Preventive treatment of a condition whose cause is unknown must be 
empiric. Obviously every effort should be made in treating children 
to make certain that, following pneumonia or any acute illness involving 
the respiratory tract, lung tissue which has collapsed should reéxpand 
and that the possibility of foreign body inhalation should be excluded. 

Figure 2 compares the “living capacity”’ of those who were traced 
and reéxamined in our two groups treated surgically and nonsurgically. 
The term “living capacity”’ has been used here to include ability to work 
and to enjoy life. 


SUMMARY 


A follow-up study of 400 proved cases of bronchiectasis at the Mas- 
sachusetts General Hospital formed the basis for the following observa- 


tions and conclusions: 

1. Forty-nine per cent of cases of bronchiectasis first developed their 
symptoms after acute respiratory infection. 

2. In 69 per cent of cases the disease started in the first or second 
decade of life (42 per cent in the first and 27 per cent in the second in 
our series). 

3. There is a strong clinical impression that patients who develop 
bronchiectasis before the age of ten do not live beyond the age of forty. 
A certain amount of statistical evidence in the present series supports 
this impression. Of the cases with onset in the first decade 9.4 per cent 
lived to, or are living at, the age of forty or over. Of the 59 patients 
who reached the age of forty or over only 15 per cent had the onset of 
disease in the first decade. 

4. The disease may become saccular or involve portions of the lung 
parenchyma, but it rarely spreads beyond the lobe, or lobes, originally 
involved. 

5. A twelve years’ study of the entire group showed the mortality 
in the nonsurgically treated cases 26 per cent, 41 per cent of these dying 
within five years of the onset and 15 per cent living twenty years or 
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longer after the onset. Seventy-eight per cent of the dead died directly 
as the result of their disease. In the éraced nonsurgical group the mor- 
tality in the males was 36 per cent as compared to 26 per cent in the 
females; and in the saccular type of bronchiectasis 37 per cent as opposed 
to 13 per cent in the cylindrical type. 

6. The operative mortality in 122 modern type lobectomies performed 
on 116 patients by Dr. Edward D. Churchill was 3.3 per cent. 

7. The working and living capacity of the traced living patients was 
considered to be excellent in 67 per cent of the surgical group and in 
38 per cent of the nonsurgical group. 

8. The best risks were undoubtedly selected for surgery but on the 
other hand a review of the nonsurgical group showed that 50 per cent 
had unilateral disease and that 75 per cent were anatomically suitable 
for operation. 

9. Granting that the mortality figures in the surgical and nonsurgical 
groups are not entirely comparable, it is still evident that lobectomy is 
the treatment of choice in bronchiectasis, especially in unilateral disease. 
Nonsurgical treatment can be palliative only and, with our present 
knowledge of the disease, preventive treatment is limited to measures 
directed toward reéxpansion of collapsed lobes. 


We wish to acknowledge with sincere appreciation the assistance of the Staff in the 
various departments of the Massachusetts General Hospital whose help made this follow-up 
study possible, especially those in the Out-Patient and Roentgenographic Departments. 


BIBLIOGRAPHY 


(1) Apams, R., AND CHURCHILL, E. D.: J. Thoracic Surg., 1937, 7, 206. #—~ 
(2) ANpRus, P. M.: Am. Rev. Tuberc., 1937, 36, 46. 
(3) Anspacu, W. E.: Am. J. Dis. Child., 1934, 47, 1011. ° 
(4) Betsey, R. H. R.: Brompton Hosp. Rep., 1937, 6, 133. 
(5) Bercx, M., anp Harris, W.: J. A. M. A., 1937, 108, 517. 
(6) Biocu, R. G., AND Francis, B. F.: Am. Rev. Tuberc., 1938, 38, 651. 
(7) CaurcatLt, E. D.: Personal communications; New England J. Med., 1938, 218, 97; 
J. Thoracic Surg., 1937, 6, 286. 
(8) DuKEN, J., AND VAN DEN STEINEN: Ergels d. inn. Med. im Kinderh., 1928, 34, 457. 
(9) Epwarps, A. T.: Brit. M. J., 1939, 1, 809. 
(10) Extis, R. W. B.: Arch. Dis. Childhood, 1933, 8, 25. ° 
(11) Frnptay, L.: Ibid., 1931, 6, 1. - 
(12) Frnptay, L., anp GrawaM, S.: Ibid., 1927, 2, 71. 
(13) Goopate, R. L.: Am. Otol., Rhinol. & Laryng., 1938, 47, 347. 
(14) Granaw, E. A., SINGER, J. J., AND BALLon, H. C.: Surgical diseases of the chest, Phil- 
adelphia, 1935. 
(15) Hamman, L.: Oxford Medicine, edited by Henry A. Christian, New York, 1936, vol. 2, 
part 1, p. 26. ¢ 


i 

i 

Hy 

\ 

kil 

. 
it 


548 KENNETH M. A. PERRY AND DONALD S. KING 


(16) Jenntncs, G. H.: Brit. M. J., 1937, 2, 963. 

(17) Kine, D. S.: Internat. Clin., vol. 1, series 47, p. 131. 

(18) LaNpeER, F. P. L., anp Davinson, M.: Brit. J. Radiol., 1938, 11, 65; Brit. M. J., 1938, 
1, 1037. * 

(19) Mrtter, J. A.: J. Thoracic Surg., 1934, 3, 246. ¢ 

(20) Ricuarps, G. E.: Am. J. Roentgenol., 1933, 30, 289. ° 

(21) Rotes, F. C., anp Topp, G. S.: Brit. M. J., 1933, 2, 639. 

(22) Watt, R. C. B., anp Hoyte, J. C.: Ibid., 1933, 1, 597. 

(23) Warner, W. P.: J. A. M. A., 1935, 105, 1666. 

(24) WEINBERG, J.: J. Thoracic Surg., 1937, 6, 402. ° 


THE BEGINNING OF PULMONARY TUBERCULOSIS 
IN ADULTS 


HAQUIN MALMROS anp ERIK HEDVALL' 


In spite of the intensive investigations carried out in the last few 
decades, certain questions of fundamental importance in the fight against 
tuberculosis are still the subject of animated discussion. For instance, 
where do we find the first changes in pulmonary tuberculosis and what 
is their appearance? 

According to the so-called new German doctrine, which is now more 
than fifteen years old, pulmonary tuberculosis does not begin, as was 
formerly supposed, as small apical lesions with a tendency to apico-caudal 
progression but as an infiltration (the Friihinfiltrat of Simon and 
Redeker), that is, an isolated, round, diffuse focus, varying in size from a 
cherry to a plum, most frequently situated subclavicularly. In his 
definition of the Frihinfiltrat in 1928 Redeker pointed out that it is a 
limited, perifocal inflammatory infiltration, which may be regarded as a 
reaction to a tuberculous focus in previously free lung tissue. The old 
theory that pulmonary tuberculosis starts at the apex of the lung, he 
considered to be entirely wrong, and like Braeuning he was of the opinion 
that those cases formerly diagnosed as “‘apical tuberculosis” seldom or 
never develop into a progressive phthisis. 

These views of the beginning of pulmonary tuberculosis have gradu- 
ally been fairly generally accepted at least in large parts of Europe. Only 
a few pathologists have persisted in their disagreement with this theory. 
Thus Loeschcke has resolutely adhered to the old view that adult pul- 
monary tuberculosis almost always arises from small foci situated in the 
portions of the lung belonging to the apical bronchus. 

The importance of these problems induced us to study these conditions 
somewhat more closely (1). Ever since 1930 examinations, with yearly 
controls, have been made by us of the students at Lund University and 
the probationary nurses at the South Sweden School for Nurses. The 
main purpose of this investigation was to combat the common occurrence 
of tuberculosis especially among medical students and hospital nurses, 


1 Lund Hospital, Lund, Sweden. 
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but it was planned from the very beginning in such a manner that certain 
important questions, one of which has already been mentioned, could be 
studied more in detail. By consistently subjecting all students and 
nurses examined to tuberculin tests (with up to 1 mg. of Old Tuberculin), 
and retesting all negative reactors at least once a year, further by radio- 
graphing all the subjects at short intervals, and finally following up the 
tuberculous cases for a period of many years, it has been possible for us 
to record the development of pulmonary tuberculosis in adults right from 
the primary infection up to open, cavernous phthisis. 

We shall now try to give an account of the appearance of the changes 
observed by us and of their first localization in the lungs. In order to 
avoid any misunderstanding we should like to point out that our descrip- 
tion does not refer to changes occurring in immediate association with the 
primary infection, such as a hilar adenitis, primary complex, erythema 
nodosum, etc. but only to what is generally called pulmonary 
tuberculosis. 

The material at our disposal for our studies consists of 3,336 students 
and probationary nurses. Of these we have now in our possession more 
than 5,000 radiograms and, in the case of the affected individuals, long 
series of films, as radiographs of these cases were taken at intervals of 
only a few weeks or months. It goes without saying that not only 
radiograms of the entire lung were taken but also, for the purpose of 
localizing the changes, special films of the diseased area and lateral films. 
Among those examined (3,336), altogether 133 cases of indisputably 
active tuberculosis have been detected, which corresponds to about 4 
per cent. The cases have been divided into three different groups. 

Group I consists of 47 cases which at the first examination were 
tuberculin-negative (up to 1 mg. of Old Tuberculin) and showed a 
normal lung radiogram. Group II comprises 43 cases, all of which were 
tuberculin-positive and had a normal X-ray picture of the lungs at the 
beginning of the observation. Finally, group III includes the remaining 
43 cases, all tuberculin-positive but without a normal radiogram of the 
lungs at the beginning of the observation. 

Group I thus consists of cases of primary infection in which tuberculous 
changes occurred in adult age. The number of such cases was 47. But 
primary infection was observed in adult age in another 104 cases, 
although no tuberculous changes could be demonstrated. The only 
evidence of primary infection in the latter cases was the change from a 
negative to a positive tuberculin reaction. In 19 of these 47 cases pul- 
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monary tuberculosis developed; 14 of them had no erythema nodosum 
or demonstrable primary focus, the pulmonary tuberculosis being the 
first tuberculous manifestation after the primary infection. In the 
remaining 5 cases the phthisis was preceded by erythema nodosum or 
primary focus. 

As appears from table 1, the first tuberculous changes were usually 
located somewhere within the supraclavicular region and the first and 
second intercostal spaces unilaterally or bilaterally, exceedingly often 
in the supraclavicular region or in the first intercostal space or in both 
these places simultaneously. No special predilection could be discovered 
for the subclavicular region as compared with the supraclavicular region. 


TABLE 1 


Supraclavicular region (bilateral) + 1st intercostal space (bilateral) + 2nd and 3rd inter- 
costal spaces (unilateral) 

Behind 1st rib + 2nd intercostal space (unilateral) 

1st intercostal space (unilateral) 


1st intercostal space (bilateral) + 3rd intercostal space (unilateral) 
2nd intercostal space (unilateral) 
Base alone 


19 


Thus the changes were found solely in the supraclavicular region in 4 
cases, which is the same frequency as in the first intercostal space. In 
19 cases incipient tuberculosis showed roentgenologically the picture of 
minute or small cloudy spots. In a few cases, however, infiltration-like 
pictures were obtained at the same time as the mottled foci; only in one 
case was such an infiltration observed without simultaneous mottling. 
No typical haematogenous dissemination was observed in any of the 
cases in group I, in spite of the fact that our attention was continually 
directed to this form of the disease, and the radiograms were of high 
quality and examined in detail by an expert radiologist. 

The spots which we observed so often in the upper part of the lungs are, 
in our opinion, the first radiologically demonstrable changes in pulmo- 
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nary tuberculosis. These initial changes could be demonstrated on the 
average eleven and a half months after a negative tuberculin reaction and 
ten months after a normal lung film. As already mentioned, they 
occurred most frequently, in spite of a relatively fresh primary infection, 
without any primary lesion being demonstrable in the lungs (14 cases), 
sometimes, however, they were heralded by erythema nodosum or a 
primary lesion (5 cases). In the latter cases the interval between the 
appearance of the erythema nodosum or the primary lesion on the one 
hand and the initial tuberculous changes on the other hand was on the 
average ten months. As these initial changes arose after a primary 
infection in adult age but are nevertheless not identical with a primary 
focus, we have called them subprimary initial foci, and they thus consti- 
tute the first developmental stage of pulmonary tuberculosis. 

The importance of the subprimary initial foci can of course be deter- 
mined only after a very long period of observation, which should be 
reckoned in decades. Although the observation period of our cases can- 
not in the nature of things be so long as yet, many of them have shown 
such a malignant development that the great importance of the initial 
foci is obvious. Out of 19 cases 1 has died from tuberculosis, 7 have 
developed changes of such a nature that artificial pneumothorax was 
considered indicated (bilateral in 2 cases), and in another 3 cases the 
condition must be regarded as uncertain. Later on we shall show that 
similar changes appear also in cases which were already previously 
tuberculin-positive (groups II and III), and that a progressive phthisis 
very often develops directly from such initial foci. As a rule symptoms 
were altogether absent on the appearance of the initial foci, the sedi- 
mentation rate was also in general normal. 

As already mentioned, group II comprises persons who were from the 
beginning tuberculin-positive and whose lung radiograms showed nega- 
tive findings but who subsequently developed tuberculosis. The number 
of such cases was 43. Among them there were 37 cases of pulmonary 
tuberculosis, 2 cases of tuberculosis of the hilar lymph nodes and 4 cases 
of exudative pleurisy. With regard to the question of the first appear- 
ance and later development of tuberculosis in adults, the 37 cases of 
pulmonary tuberculosis are of greater importance. The localization of 
the first radiographically demonstrable changes is shown in table 2. 

It will thus be seen that neither in group II could any predilection for 
the subclavicular region be ascertained as compared with the supra- 
clavicular region. The changes occurred quite as frequently in the 
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apical field (the supraclavicular region) as in the area of the first rib and 
the first interspace (6 cases each). These facts will be still more evident 
if we study a little more closely the cases in which the interval between 
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Supraclavicular region—Ist intercostal space 
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Supraclavicular region—I1st and 2nd intercostal spaces 

Supraclavicular region—Ist, 2nd and 3rd intercostal spaces. .. . 

Supraclavicular region—4th and Sth left intercostal spaces + 
right centrally and basally 


> 


© 
© 
oo cf 


1st rib—1st intercostal space 


Ist rib—1st and 2nd intercostal spaces 
ist intercostal space 


ist and 2nd intercostal spaces 

ist and 2nd intercostal spaces and perihilarly 
2nd intercostal space 

2nd and 3rd intercostal spaces + base 
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Supraclavicular region—Ist intercostal space 
Supraclavicular region—3rd intercostal space 


ist intercostal space 
ist and 2nd intercostal space 
2nd and 3rd intercostal space 
4th intercostal space 


the normal radiogram and the demonstration of the morbid changes was 
at most one year. We shall then find (table 3) that in 13 cases belonging 
to this category the localization of the changes was such that the tubercu- 
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losis occurred in the apical field alone in 4 cases and in the subclavicular 
field in only 2 cases. 

Further, the localization of the initial tuberculous changes is rather 
striking when the disease had spread to a previously healthy lung. This 
happened in 9 cases. 

The initial changes were found four times in the supraclavicular region 
and only once in the subclavicular field. Thus in fact the initial changes 
occurred more frequently in the apical field than in the subclavicular 
region. At any rate they did not occur more frequently subclavicularly 
than apically, as the so-called new German doctrine asserts. 

The appearance of the radiological changes closely resembled that of 
the changes in group I. Thus in 21 of the 37 cases the changes were 
found to consist of spots only, in general small and irregular. In another 
7 cases the radiogram showed, when the disease was detected, spots 


TABLE 4 


1st and 2nd intercostal space 
2nd intercostal space 


simultaneously with other changes (infiltration in 3 cases, consolidation 
the size of the flat of a hand in 2 cases, and cavities in 2 cases). In the 
remaining 9 cases, on the other hand, no mottling was observed. One 
of these 9 cases showed only an apical cavity, whereas the other 8 showed 
infiltrations of varying size and localization. A typical picture of a 
diffuse haematogenous dissemination was seen in only one case. 

Thus in persons who had been tuberculin-positive at the beginning of 
the observation the incipient tuberculosis had the appearance of: 

(1) Minute and small, rather irregular, sometimes ill-defined, some- 
times well-defined spots with a tendency to coalesce. These initial foci, 
which in all probability correspond to the subprimary initial foci men- 
tioned in group I, were beyond comparison the most common occurrence. 
Nor were they without significance, since as a rule they manifested a 
tendency to progression. In 43 per cent of these cases cavities developed 
later. Pneumothorax treatment was found to be necessary in 10 of the 


cases 
Supraclavicular region—2nd intercostal space. 
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28 cases. ‘Tubercle bacilli were demonstrated in more than half of the 
cases. In spite of bilateral pneumothorax treatment one of the patients 
has died. The development of the initial foci as a rule took place rather 
slowly—months or years—new spots appearing in the same lung or in 
the apex or upper field of the other lung. In some cases, however, the 
development was more rapid—at intervals. The spots then coalesced 
into infiltrations, which not infrequently liquefied and gave rise to cavi- 
ties. 

(2) An infiltration without simultaneous mottling, Friihinfiltrat, 
which was nevertheless found to be a less common type of incipient 
tuberculosis. The infiltrations were met with in different parts of the 
lungs, not only below the clavicle. Only 2 of the cases showed progres- 
sion and cavitation, which necessitated the induction of artificial pneumo- 
thorax. The other cases remained stationary or regressed. 

Finally, it should be pointed out that even this group of cases of 
incipient changes, whatever type they may have been, did not as a rule 
manifest any subjective symptoms or give rise to an increased rate of 
sedimentation reaction. 

Now there remains only a description of the cases belonging to group 
III. This may be done very briefly, as these cases do not furnish the 
same conclusive evidence as the preceding two groups, because the 
tuberculous changes could be shown already on the first visit to the 
Tuberculous Bureau. In this group there are 43 cases. Pulmonary 
tuberculosis occurred in all of them, one case also had pleurisy. When 
the disease was diagnosed the localization of the changes was that shown 
in table 5. 

As we see, table 5 does not reveal any special predilection for the sub- 
clavicular region as compared with the supraclavicular one. In not less 
than 32 of the 43 cases the apical field was affected at the same time. In 
these cases, too, the changes at first occurred in general somewhere in the 
supraclavicular region and in the first and second intercostal spaces. 
The changes had also a mottled appearance. Not infrequently there 
also occurred larger, irregular spots, but no typical Friihinfiltrat could be 
observed. On the other hand a picture resembling a haematogenous 
dissemination was met with in one case. In these cases, too, the tubercu- 
lous changes, when diagnosed, very seldom manifested any symptoms. 
The sedimentation rate was often normal. 

From the account we have given of our investigations it appears quite 
plainly that in certain respects we have arrived at results that do not 
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accord with the view accepted by other investigators with respect to the 
beginning and further development of pulmonary tuberculosis. This is 
particularly true of the initial foci, localized to the apices and upper 
fields, that occurred in so many of our cases, from which lesions we have 


Supraclavicular region 

Supraclavicular region (bilateral) + 1st and 2nd interstices 
(unilateral) 

Supraclavicular region (bilateral) + 1st, 2nd and 3rd intcrstices 
(unilateral) 

Supraclavicular region and 3rd right interspace 

Supraclavicular region (left) + behind 2nd rib and Sth rib 


Supraclavicular region + 1st interstice 

Supraclavicular region + ist left interstice + 2nd right 
interstice 

Supraclavicular region + ist and 2nd interstices 

Supraclavicular region (bilateral) + ist and 2nd left interstices, 
and 2nd, 3rd and 4th right interstices 

Supraclavicular region, 1st and 2nd left interstices + 2nd and 
3rd right interstices 

Supraclavicular region, 1st and 2nd interstices (bilateral) + 
3rd interstice (unilateral) 

Supraclavicular region, ist and 2nd left interstices + 3rd and 
4th right interstices 

Supraclavicular region, 1st, 2nd and 3rd interstices 

ist rib + 1st interspace 

1st interspace 

1st interspace (bilateral) +- 2nd interspace (unilateral) 

1st and 2nd interspaces 

1st, 2nd, 5th interspaces right + 2nd left interspace 

2nd interspace 

1st and 2nd right interspaces, 3rd left interspace 

Ist, 2nd, 3rd, 4th and 5th left interspaces 
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very frequently seen a progressive tuberculosis develop. The question 
may then be asked if we are justified in drawing any general conclusion 
with regard to the beginning of pulmonary tuberculosis in adults from 
the results of our investigations. The lack of agreement between our 
results and those of other investigators may of course be due to different 
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causes. The material investigated may have been of a different composi- 
tion, but even the planning of the investigation itself, the different 
methods of examination and the different ways of judging the observa- 
tions made, especially the radiological findings, may have had an in- 
fluence on the interpretation and estimation of the results. For instance, 
the reason why we found so many cases with initial foci among the 
primarily infected individuals is undoubtedly due to the fact that we 
consistently carried out tuberculin tests once or twice a year on all pre- 
viously negative reactors, and in the second place X-rayed all cases that 
gave a positive tuberculin reaction, and moreover repeated these control 
radiological examinations at short intervals for a long period of time, 
even if nothing could be seen by fluoroscope and the person in question 
felt quite well. If we had made X-ray examinations of only those cases 
that had developed fever or erythema nodosum, etc., hilar changes would 
probably have been the dominating feature in our material, since the 
initial foci as a rule pass off without any symptoms and can only be 
detected by X-ray examination. 

Besides, such small spots may easily be misinterpreted and regarded 
as old, healed, insignificant changes unless a normal film has been pre- 
viously taken for comparison and then the development followed by 
repeated radiological controls. Another possibility of misjudgment is 
the fact that most frequently the initial foci are composed of relatively 
small, ill defined spots, which by their appearance and by their location 
in the apical field and behind the clavicle are rather difficult to detect in a 
less careful screening. On the other hand when these spots have wholly 
or partly coalesced into infiltrations they are plainly visible on the 
fluoroscopic screen, especially when they have reached a certain size. 
That may be the explanation why investigators who take X-ray films 
only in those cases when evident changes are discernible on the screen 
have found comparatively more infiltrations and fewer mottled foci in 
the apical fields. 

We are of the opinion, however, that our material, thanks to the combi- 
nation of repeated tuberculin tests and radiography, satisfies all reason- 
able requirements with respect to careful observation. Moreover, the 
material is extensive and has been followed up for quite a long time, and 
on that account we consider that we are justified in drawing certain con- 
clusions concerning the beginning and further development of tubercu- 
losis in adults belonging to the category of students and probationary 
nurses in South Sweden. Whether these conclusions are of universal 
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application can only be decided by systematic control examinations by 
means of tuberculin tests and radiography of an extensive material 
elsewhere. 

Thus, in the material investigated by us, pulmonary tuberculosis in 
adults began as a rule in the shape of initial foci. Radiologically these 
lesions have the appearance of minute and small, cloudy, partly irregular 
spots, usually situated somewhere in the supraclavicular region or in the 
first intercostal space. It should be pointed out that, even in those cases 
in which a primary focus could be demonstrated shortly before or in 
which the patient had previously had an exudative pleurisy or where the 
process had involved the other lung, and in the cases belonging to group 
II (those cases which were tuberculin-positive from the beginning), the 
new lesions had the same localization and appearance, and consequently, 
as far as can be judged, the observation made is of great importance in 
the solution of the problem concerning the origin of tuberculosis in 
adults. And this all the more as the initial foci in our material were 
found to have a decidedly progressive tendency. As a rule the initial 
foci did not give any subjective symptoms of disease, nor was the sedi- 
mentation rate increased. Thus the course was not accompanied by 
any perceptible signs. 

The initial foci correspond to some extent to the so-called Simon’s 
apical foci, which are in general thought to have arisen from an early 
haematogenous spread. As is apparent from our designation of initial 
foci we have a different opinion of the significance of such lesions than that 
generally accepted. ‘These initial foci may of course heal, indurate or 
become calcified, but they may also, as we have seen in many of our cases, 
have a progressive tendency and give rise to a progressive, serious 
phthisis. The progression may take place immediately or may be 
delayed for a shorter or longer period. The subsequent course may be 
relatively acute or, more commonly, more or less chronic. 

That some investigators do not attach any importance to such small 
foci localized to the apices is, we suppose, due to the fact that they have 
mostly had opportunities of observing old, stationary or healed cases, 
such as also were found in our material. We have 30 cases of this type, 
in which no progression has been recorded during the period of observa- 
tion. It is hardly to be expected that an active tuberculosis will originate 
from such old changes, except in very rare cases. Things are quite 
different, however, with the fresh initial foci, from which tuberculosis 
may spread to other, lower portions of the lungs. Unless one has been 


INCIPIENT PULMONARY TUBERCULOSIS 559 


in a position to examine the case in an early stage, before the spread 
has taken place, it may of course be very difficult, perhaps impossible, 
to get an idea of the original appearance of the initial changes and of their 
localization. 

Whether the initial foci arose bronchogenously or haematogenously, 
we are at present unable to say. Like the problem of the patho-ana- 
tomical basis of these lesions (whether it is a productive or exudative 
process, a perifocal reaction or an atelectasis), this question can only be 
settled if by chance such cases with radiologically demonstrable, fresh 
initial foci come to autopsy. 

In the account of the beginning of pulmonary tuberculosis we have 
so far dealt only with the initial foci. We shall now give a brief descrip- 
tion of the other forms of incipient pulmonary tuberculosis—infiltrations 
(Frihinfiltrat) and haematogenous dissemination—that we have been 
able to observe. In proportion to the number of cases with initial foci 
we found very few cases of typical Friihinfilirat. It should be noted, 
however, that in some cases we saw an infiltration that had arisen second- 
arily by the confluence of multiple small foci. 

In recent years, especially in the German literature, haematogenous, 
intrapulmonary dissemination has figured largely in the discussion on the 
beginning and further development of pulmonary tuberculosis. We 
also had our attention directed to this condition, but we did not find in 
our material more than 2 cases of more pronounced haematogenous 
dissemination and 2 cases of acute miliary tuberculosis. This is a remark- 
ably small number considering that the material includes many cases of 
primary infection with considerably enlarged lymph nodes, which like 
other cases of fresh infection were subjected to frequent control X-ray 
examinations. 

With regard to the practical importance of our investigations we will 
only call attention to the following points. Tuberculin tests with up to 
1 mg. of tuberculin should, if possible, form part of the routine examina- 
tion in all dispensaries and hospitals and also schools, especially in the 
upper classes. The result of the tuberculin reaction should be recorded 
in journals or special health index cards and should also be entered in the 
school children’s final certificates, as it may be of great practical im- 
portance to know whether a case was tuberculin-negative at a previous 
examination. By means of such systematic tuberculin tests a good 
many primary infections in adult age will certainly be detected, which 
should of course remain under careful radiological control for the next 
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few years following the infection. If the initial foci appear in the lungs, 
the supervision must be still more stringent and the X-ray control 
continued for several years, although of course with increasing intervals 
between the examinations. The patient should lead a careful life, 
especially as long as the changes show signs of activity. On the other 
hand sanatorium care is only necessary if the initial foci show a tendency 
to spread or coalesce into extensive infiltrations. 

In the practical work at the dispensaries, as in mass examinations of 
different groups of population, one has chiefly concentrated the attention 
to infiltrations, which were considered to be the commonest form of 
incipient pulmonary tuberculosis. In general these infiltrations are 
seen quite plainly on the fluoroscopic screen and, on that account, this 
method of examination has come to play a more and more commanding 
position. Now that it has been proved, however, that a progressive 
cavernous phthisis very often develops from initial foci in the apices and 
upper fields and that such small, ill defined spots may be very difficult to 
detect in an ordinary routine screening, the screening should be performed 
exceedingly carefully and perhaps too much reliance should not be placed 
on the screen findings alone, instead radiography should be employed 
to a still greater extent than formerly. 


CONCLUSIONS 


1. Pulmonary tuberculosis in adults begins in general in the upper 
portion of the lung, exceedingly often in the supraclavicular region and 
the first intercostal space. The changes do not occur more frequently 
subclavicularly than apically. 

2. The initial changes most frequently consist of minute and small, 
cloudy spots, occurring singly or in groups (initial foci). These spots 
have a progressive tendency and in general spread very slowly in an 
apico-caudal direction, new spots arising lower down in the lung or in the 
other lung. Occasionally, however, the dissemination takes place more 
rapidly, the spots then becoming fused into infiltrations, which may 
liquefy and give rise to a bronchogenic spread. 

3. The homogeneous, isolated infiltrations (Friihinfilirat),on the other 
hand, occur less frequently than the initial foci in incipient pulmonary 
tuberculosis and in comparison with the latter show a more benign course. 

4, Whether pulmonary tuberculosis begins as initial foci or as infiltra- 
tion (Friihinfilirat) it does not as a rule manifest any symptoms. The 
sedimentation rate is also as a rule quite normal. 
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5. As the initial foci cannot be observed so easily as the infiltrations 
on the screen, radiography must in future be used to a still greater extent 
than formerly. 
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PRIMARY TUBERCULOUS INFECTION IN ADULTS 


HAQUIN MALMROS anp ERIK HEDVALL' 


For many years the prevalent opinion in various parts of the world 
was that pulmonary tuberculosis in adults arises as a result of a primary 
tuberculous infection acquired in childhood. The discussion has there- 
fore chiefly centered around the question as to whether adult pulmonary 
tuberculosis is caused by an exogenous superinfection or by an endoge- 
nous metastasis from the old foci. Although such a view was formerly 
based on both patho-anatomical observations and tuberculin investiga- 
tions, there is no longer any doubt that it is not quite correct. Scandi- 
navian and American investigators have been able to show that quite a 
number of people nowadays reach adult age without becoming tuber- 
culin-positive, and that the primary infection sometimes occurs in adult 
life. How often such a primary infection takes place and what signif- 
icance it may have, will be the subject of this article, which is the result 
of a number of extensive investigations carried out by us in recent years 
in the extreme south of Sweden (1). 

In an investigation for the purpose of ascertaining the age at which 
human beings are primarily infected with tuberculosis we have the 
choice of two methods. The simplest procedure no doubt is to carry out 
tuberculin tests on a very large number of persons belonging to different 
ages and classes of society, but only on a single occasion. A more 
fruitful method, however, is to test the tuberculin sensitivity of a suffi- 
ciently large group of people year after year, as in that way we are able 
not only to follow them from tuberculin negativity to tuberculin posi- 
tivity but also to study the consequences of the primary infection itself. 
Examples of both these procedures will be given later. Whichever 
method is employed, its value will depend entirely on the technique and 
the criteria for estimating the tuberculin test. The Pirquet test is for 
example by no means sensitive enough to enable us to divide a material 
into tuberculin-positive reactors and tuberculin-negative reactors, for 
many certainly positive tuberculin cases give a negative Pirquet re- 
action. If the Pirquet reaction is negative, the tuberculin sensitiveness 


1 Lund Hospital, Lund, Sweden. 
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must be tested further by means of the Mantoux test with up to 1 mg. 
of tuberculin. It is also necessary to indicate definitely when a positive 
tuberculin reaction is considered to be present, for there does not seem 
to be complete agreement among investigators on this point. For 
instance, some workers consider that the Pirquet reaction is positive if 
an erythema and induration of 2 to 3 mm. in area appears at the site of 
inoculation. Such a view does not agree at all with the experiences 
gained in the investigations in South Sweden. In retests made by us we 
found 13 persons among 825 who would have been positive reactors if 
the minimum area of redness and induration for a positive reaction had 
been fixed at 2 mm. but who were in fact completely negative to Man- 
toux tests up to 1 mg. of tuberculin. On the other hand, we observed 
119 individuals among 825 who, under the same conditions, must have 
been recorded as negative reactors, since the Pirquet test had either 
produced no reaction at all or only a slight area of redness of 1 mm. at 
most. In fact all these 119 cases were positive reactors, for 82 of them 
gave a positive reaction to 0.1 mg. tuberculin and 37 to 1 mg. The 
unreliability of the Pirquet test is also evident from the fact that the 
reaction was frequently negative in cases in which a primary infection 
had recently taken place. In 151 cases of fresh primary infection in 
adults observed in South Sweden the Pirquet reaction was positive at 
the beginning in only 52 per cent. The other cases reacted to Mantoux 
tests with 0.1 mg. tuberculin (25 per cent) or 1 mg. (23 per cent). 

For the reasons just mentioned, in the investigations, of which we 
will now give a more detailed account, the tuberculin sensitivity was 
always titrated further with Mantoux tests up to 1 mg. tuberculin in 
those cases in which the Pirquet reaction was negative. The Pirquet 
reaction was considered to be positive when the erythema and induration 
was 5 mm. or more in size after at least forty-eight hours. In the 
Mantoux test the corresponding figure was 10 mm. 

Chart 1 shows the result of tuberculin tests on 1,586 elementary school 
children in the City of Lund, which is situated in the extreme south of 
Sweden and has a population of about 26,000. The figures at the bottom 
indicate the age of the children tested, those on the left denote the 
percentage of positive reactors. On the right is shown the tuberculin 
method applied. The black color represents the percentage of children 
giving a positive reaction to a Pirquet test and the differently striped 
portions show the increased percentage of positive reactors, when tested 
with Mantoux 0.1 or Mantoux 1 mg. It will be seen from the chart 
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that about 40 per cent of the children were positive reactors already at 
the age of seven years. In the following age-groups a larger number of 
positive reactors were met with, but even in the age-group thirteen to 
fourteen years there were about 20 per cent negative reactors. The 
unreliability of the Pirquet test is also evident from the chart. If the 
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CHart 1. Tuberculin tests on’ 1,586 elementary school children in the City of Lund, 
Sweden. 
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Cuart 2. Tuberculin tests on 462 elementary school children in the City of Lund 


children had only been subjected to a Pirquet test then only 20 per cent 
of those belonging to the age-group seven years would have been found 
to be positive reactors, whereas the actual figure was twice as high, or 
40 per cent. The same thing may be seen in the other age-groups. 
Certain authors have stated that if two Pirquet tests are made with an 
interval of forty-eight hours between the tests, the same result would 
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be obtained as in titrating up to 1 mg. of tuberculin. In order to find 
out whether this statement was correct this method was also applied in 
some series. In negative results, however, the titration of the tuber- 
culin sensitivity was continued in the usual manner with 0.1 or 1 mg. 
tuberculin. As appears from chart 2 the repeated Pirquet test, it is 
true, increases the number of positive reactors, but the result is never- 
theless considerably inferior to that obtained by the Mantoux test. 

For the sake of comparison with the children living in the City of Lund, 
tuberculin tests were also made on 1,302 elementary school children in 
the rural districts, situated about twenty-five miles from Lund. The 
density of the population in these districts is rather high and the volume 
of traffic very extensive (chart 3). 
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Cuart 3. Tuberculin tests on 1,302 elementary school children in rural districts 


The percentage of positive reactors among the children in the rural 
districts, as shown in chart 3, was considerably less than among those in 
the City of Lund. Thus more than half the children of these rural 
districts were tuberculin-negative at the age of puberty. In this in- 
vestigation, too, the unreliability of the Pirquet test is obvious. 

The preceding charts showed the results of tuberculin tests on healthy 
individuals, living in town and in the country. Chart 4 on the other 
hand gives the results of tuberculin tests on 2,167 patients at the Medical 
Clinic at Lund. A rather interesting feature is the decrease in the 
sensitivity to tuberculin shown by the following age-groups. The cause 
of this decrease will be the subject of a later investigation. 

The investigations were supplemented by tuberculin tests on students 
at Lund University and the probationary nurses at the South Sweden 
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School for Nurses at Lund. Of the 3,294 students examined, 2,690 gave 
a positive reaction at the first examination and 604, or 18 per cent, were 
found to be negative. If we exclude all the older students and include 
only the younger ones, who are as a rule matriculated at the University 
at the age of eighteen to twenty, we obtain the following figures: The 
incidence of positive reaction to the tuberculin test among theology 
students was 70 per cent, among law students 73 per cent, among philos- 
ophy students 75 per cent and among medical students 81 per cent. 
One year after matriculation to the University, still an average of 25 per 
cent of the students gave a negative reaction. But after five years’ 
study at the University the number of negative reactors had fallen to 
only 10 per cent, which implies that in the interval a number of the 
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Cuart 4. Tuberculin tests on 2,167 patients at Lund Hospital 


students had been infected. These conditions are illustrated more fully 
in chart 5. It will be seen that the number of positive reactors to tuber- 
culin increases every year after entering the University. 

To obtain corresponding figures for the probationary nurses at the 
South Sweden School for Nurses is not so easy, as many of them have 
taken part in practical hospital work before beginning their studies at 
the school. After one year’s clinical work, however, 19 per cent of them 
were still tuberculin-negative. 

The investigations, which we have just described briefly, comprised 
about 10,000 persons, belonging to different ages and different classes of 
society, living in towns and in the country; not only patients in hospitals, 
but also healthy persons have been subjected to tuberculin tests. The 
investigations show that a great many individuals are tuberculin- 
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negative in adult age and also that primary infection not infrequently 
occurs in adult life. But how often such a primary infection occurs in 
adult life and what importance it may have will be clear from what 
follows. 

Ever since 1930 practically all students at the University of Lund and 
the probationary nurses at the South Sweden School for Nurses have 
been examined at least once every year. The practical aim of these 
examinations was to try to determine and reduce the incidence of tuber- 
culosis. At the same time the investigation was intended to throw 
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Cart 5. Tuberculin tests on 2,860 students at Lund University 


light on the first appearance and later development of adult tuberculosis. 
By combining in particular two methods of examination, tuberculin 
tests and radiographing, and applying these methods systematically 
without considering the question of expense, it has been possible to 
chart the development of tuberculosis right from the onset of the primary 
infection to cavernous phthisis. All students and nurses were radio- 
graphed at their first visit to the Tuberculosis Bureau. Those showing 
further changes were radiographed for several years at intervals of a 
few weeks or months. Titrated tuberculin tests were made on the nega- 
tive reactors at least once a year, in recent years twice a year. In cases 
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that changed from negative to positive, radiography, provided no 
pulmonary changes were demonstrable, was performed once every three 
months in the first year following the primary infection, and twice in the 
second year. On the other hand, when changes were observed radio- 
logical examinations were made still more frequently. Films were taken 
not only of the entire lung but also special films with or without rotation, 
and also lateral views. Under these circumstances we have had long 
series of films available for a close study of the importance of a primary 
tuberculous infection in adult age. 

Altogether 3,336 students and probationary nurses were examined, 
604 of which, or about 18 per cent, did not react to tuberculin. Not 
less than 151 of these 604 negative reactors became positive during the 
period of observation, from which it may be gathered that primary 
infection in adult age is by no means rare. 


TABLE 1 


NO CHANGES 


Probationary nurses 14 
Medical students 30 
Philosophy students 37 


Law students 15 
8 


104 


In 104 of these 151 cases the infection passed without manifesting any 
symptoms or demonstrable changes, the only evidence that a tuberculous 
infection had really taken place was the change from a negative to a 
positive reaction. But in the other 47 cases tuberculous changes were 
observed either immediately in association with the primary infection or 
some time later. The distribution of the cases of primary infection 
among the students and nurses examined is shown in table 1. 

Thirty-five of the 47 cases with tuberculous changes were nurses and 
medical students; thus persons who are more regularly exposed to 
tuberculous infection. Out of a total of 31 primarily infected probation- 
ary nurses, 17 developed tuberculous changes; of 48 primarily infected 
medical students 18 developed changes. On the other hand, tuber- 
culous changes occurred much less frequently following a primary in- 
fection in the other groups of students. The occurrence of tuberculous 
changes after a primary infection therefore depends to a great extent on 
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whether the individual lives more regularly in a tuberculous environ- 
ment or is only occasionally exposed to tuberculous infection. The 
development of demonstrable tuberculous changes following primary 
infection was one and one-half times as frequent in medical students as 
in other students. This fact is especially noteworthy, when we bear in 
mind that the medical faculty at Lund has by no means the largest 
number of students. The cause of the high incidence of tuberculosis 
among medical students has been thoroughly studied. It was found that 
as a rule medical students were primarily infected already during the 
course in general pathology, which has to be passed in Sweden before the 
practical training at the hospitals may be begun. Thus, in Sweden we 
have to reckon with two great sources of infection for medical students, 
first, the work at the pathological institute and, second, at the hospitals. 


TABLE 2 


Erythema nodosum (without demonstrable primary lesion) 

Erythema nodosum + primary lesion 

Phlyctena + primary lesion (?) 

Primary lesion 

Pleurisy (without demonstrable primary lesion) 

Tuberculosis of cervical or abdominal glands (without demonstrable primary lesion) 
Miliary tuberculosis (without demonstrable primary lesion) 

Pulmonary tuberculosis (without demonstrable primary lesion) 


Now that precautionary measures have been taken, there is every reason 
to hope that the excessively high rate of morbidity among medical 
students will show a steady decrease in the future. 

The number of primary infections, however, is less important than the 
degree of severity of the changes following such a primary infection. If 
the changes were benign, of short duration, these conditions would not 
be of any great interest. But they are often rather malignant and 
progressive, and on that account it is essential that greater attention is 
paid to primary infection in adults. The changes that could be shown 
in the 47 cases are given in table 2. 

It will thus be seen that erythema nodosum appeared alone in 3 cases. 
In 21 cases a primary lesion in the lungs, demonstrated by radiograms, 
was found with or without erythema nodosum or phlyctena; in 6 cases 
pleurisy, in 2 cases extrathoracic lymph node tuberculosis, in 1 case 


cases 

47 


570 HAQUIN MALMROS AND ERIK HEDVALL 


miliary tuberculosis and in 14 cases pulmonary tuberculosis was dem- 
onstrated as the initial change. 

As appears from table 2 a primary lesion could not be shown in 26 of 
the 47 cases. It is, however, highly probable that such a primary lesion 
was present in the lungs or in some other place although it could not be 
demonstrated radiographically. That may also be true of the other 104 
cases where the only evidence of primary infection was the change from 
a negative to a positive tuberculin reaction. 

A primary lesion was found in 21 of the 47 cases, if the cases of ery- 
thema nodosum and phlyctena are included. In 13 of these 21 cases 
the primary lesion had a typical appearance with both pulmonary and 
lymph node changes. The pulmonary change occurred in our material 
more frequently in the left than in the right lung, usually in the middle 
of the lower portion, and generally had the appearance of a consolidation 
in which small spots could occasionally be observed. The size of the 
consolidations varied between 15 x 15 to40 x40 mm. In a few isolated 
cases the primary lesion appeared as a rather sharply defined, some- 
what irregular spot, 10 x 10 mm. in size, or as numerous small spots and 
streaks. The corresponding lymph nodes in the hilar region were in 
these cases often enlarged. Enlarged nodes were also sometimes ob- 
served in the mediastinum. In 7 of the remaining 21 cases with primary 
lesion only a hilar adenitis could be observed, and in 1 case only a pul- 
monary change. 

But the significance of primary infection in adult life is not absolutely 
clear from the initial appearance and spread of the changes; this will be 
revealed only when the different cases have been followed up for a very 
long time, for one or two decades. But already now enough has oc- 
curred to convince us that primary infection in adult age is very danger- 
ous, for of the 3 patients with erythema nodosum one has since developed 
a tuberculous change in the lung, while another case has developed 
bilateral phthisis and tuberculous peritonitis. The latter case died 
about eighteen months after the appearance of the erythema nodosum. 
Of the 21 cases with demonstrable primary lesions 5 have developed 
complications in the form of exudative pleurisy and 4 pulmonary tuber- 
culosis. Of the patients with pleurisy, one subsequently had exudative 
peritonitis and another secondary hilar infiltration. Since the colloca- 
tion of our material, 2 more patients with pleurisy have developed 
incipient pulmonary tuberculosis. The case of miliary tuberculosis died 
soon. It is very important, however, to learn the development of the 
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cases of pulmonary tuberculosis. It has been possible to follow up 
altogether 19 cases for a rather long period. In 14 of these 19 cases the 
pulmonary tuberculous changes were the first tuberculous manifestations 
after the primary infection, appearing on the average ten to twelve 
months after the latter. In the other 5 cases, pulmonary tuberculosis 
was preceded by erythema nodosum or a primary lesion. Of the 19 
cases one has died of tuberculosis, 7 have developed changes of such a 
nature as to necessitate the induction of pneumothorax, bilateral in 2 
cases. In another 3 cases the condition is uncertain. Thus sufficient 
evidence has been produced to convince us of the significance of primary 
infection in adult age. 

The symptoms in the different forms of tuberculosis were as follows: 
In patients with erythema nodosum (with or without radiologically 
demonstrable primary lesion) there occurred, in addition to eruptions 
on the legs, as a rule fever and cough. The sedimentation rate was 
almost always considerably increased. Even in the cases of primary 
lesion there were usually morbid symptoms such as fever, cough, fatigue, 
catarrhal symptoms and a considerably increased rate of sedimentation. 
In 4 of the cases, however, the patients felt quite well and had a normal 
rate of sedimentation, which was rather noteworthy as two of them had 
an extensive hilar adenitis. Thus, like the primary infection, the 
primary lesion may also occur without symptoms, but as a rule symptoms 
are present. As erythema nodosum appears more frequently in females 
than in males (all our cases of erythema nodosum were females) and 
moreover as the erythema very often accompanies the primary lesion, 
females are more favorably situated when it comes to diagnosing a 
primary lesion. In the cases with pleurisy the onset was acute with 
fever and pain in the chest. It is worthy of note that attacks of pain 
were experienced a long time before the patient actually became ill, in 
one of the cases at least six months before the appearance of the clinical 
and radiological signs of pleurisy. 

The first developmental stage of pulmonary tuberculosis, with “initial 
lesions” in the apical or subclavicular field of the lungs, which were ob- 
served in 19 cases, did not as a rule give any subjective symptoms of 
disease, the sedimentation rate was normal, nor were any other symptoms 
observed. These changes thus ran an imperceptible course. However, 
when symptoms did occasionally occur, they were: symptoms of in- 
fluenza, cough, fatigue, fever or haemoptysis. 
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CONCLUSIONS 


1. The Pirquet reaction is not reliable, as the error of this method may 
be as high as 50 percent. The test must therefore be made with as much 
as 1 mg. of tuberculin, if necessary. 

2. By means of tuberculin tests on about 10,000 persons belonging to 
different ages and groups of population in the southernmost part of 
Sweden, it has been possible to demonstrate that a great many individ- 
uals are tuberculin-negative in adult age, but also that primary infection 
in adult life is by no means an infrequent occurrence. Among 604 
students and nurses examined we found 151 cases of fresh primary in- 
fections. 

3. Primary infection in adult life usually causes only a change in the 
tuberculin sensitivity from a negative to a positive reaction. In such 
cases no morbid symptoms or radiological changes are demonstrable. 
Especially persons living continuously in a tuberculous environment 
(medical students and nurses), however, develop tuberculous changes 
following a primary infection. The most common first manifestation of 
tuberculosis is a primary lesion, often accompanied by erythema no- 
dosum. In rather many cases no primary lesion can be observed, the 
first manifestations being miliary tuberculosis, exudative pleurisy, lymph 
node tuberculosis, pulmonary tuberculosis, etc. 

4. Primary infection in adult age gave, in 19 cases out of 47, rise to 
pulmonary tuberculosis, which often proved to be progressive and 
malignant. It is therefore essential that all possible steps be taken to 
prevent the occurrence of a primary infection, for such an infection even 
in adult life may lead to serious consequences. 
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THE STORY OF TUBERCULIN! 
HENRY STUART WILLIS? 


Tuberculin came as an effort to produce immunity to tuberculosis. 
Koch had satisfied himself that inoculation of tubercle bacilli into tuber- 
culous guinea pigs protected them against their disease and prolonged 
their life—probably because of some secretion of the inoculated germs. 
Tuberculin was his idea of such secretions. He had prevention and treat- 
ment, rather than diagnosis, in mind. The bulk of the early work on 
tuberculin refers to its use in treatment and prevention, and the bulk 
of the later work (after Pirquet) refers to its use in diagnosis. We will 
discuss the work on treatment first. 

The story of tuberculin reflects both enthusiasm and apathy; it indi- 
cates ignorance of how the disease operates; it reveals the gradual evolu- 
tion of our present, but still too meagre, knowledge of the fundamental 
pathological principles underlying the disease. Ringer indicated under- 
standingly the tempo of work on tuberculin when he epitomized it as 
follows: (1) era of tuberculin delirium (1890-1893); (2) era of tuberculin 
execration (1893-1903); (3) era of tuberculin enthusiasm (1903-1913); 
(4) era of tuberculin apathy (1913-1918). Another period might be 
added and called the era of chemical and clinical reappraisal. 

Medical history has recorded the dramatic occasion when Robert 
Koch made his famous announcement. Koch was eight years away from 
his discovery of the tubercle bacillus: his name and opinion were the 
ultimate in the field. At his disposal was the Imperial Institute of 
Health and its equipment, prestige and authority. He had made a long 
talk on “bacteriological principles’ before the International Medical 
Congress. At the end of this address, and without description or qualifi- 
cation, he announced his discovery of a harmless substance which would 
both prevent and cure tuberculosis. More than this he did not say; 
no hint of the nature of this new, magic stuff, no intimation as to whether 


1 Presented at a meeting of the Mississippi Valley Sanatorium Association, Omaha, 
Nebraska, September 21, 1939. 
2 Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), North- 
ville, Michigan. 
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it was bacteriological, biological or chemical in nature, no word of its 
source or composition. Weeks passed: physicians and patients flocked 
to Berlin from all over the world seeking a few drops of this potent, 
precious solution and offering freely but, most often vainly, a thousand 
dollars for a dram. 

A few months after his announcement, Koch’s hand was forced and he 
described his product as follows: ‘“The remedy with which we aim to cure 
tuberculosis is a glycerine extract of pure cultures of tubercle bacilli.”’ 
This statement came only after the magic stuff had been subjected 
to chemical analysis by others. To this substance Bujwid gave the name 
Tuberculin. Koch accepted the term. 

At the time that the great Koch made his announcement to an as- 
tounded world of a cure for mankind’s greatest scourge, Trudeau was 
working away quietly in his improvised, poorly equipped laboratory. 
He had filtered cultures of tubercle bacilli and injected the products into 
guinea pigs. Three months after Koch made his announcement in secret, 
Trudeau, without knowledge of Koch’s work, published the details of 
his experiments in which he was entirely unable to protect animals 
against tuberculosis by use of his filtrate—essentially Koch’s tuberculin. 
He, as it turned out, and not Koch, had the correct interpretation of 
these observations. He, and not Koch, was right. “Trudeau pub- 
lished negative results and his paper was passed over without notice; 
Koch made startling positive assertions and his announcement created 
a furore.” 

The first two decades following the discovery of tuberculin represented 
a period of feverish activity. At the end of this time men still sought 
to add specificity and to eliminate the baneful effects of tuberculin and 
with no more success, according to Krause, than has attended man’s 
efforts to produce a whiskey without a headache. Now, almost fifty 
years since Koch’s announcement, the pros and the cons of the issue are 
far from clear, and tuberculin is still a controversial subject. 

Old Tuberculin is prepared from broth on which tubercle bacilli have 
grown for six or eight weeks. Broth and bacilli are boiled, strained and 
filtered, and the filtrate is concentrated by evaporation. It contains 
several specific products from the tubercle bacillus. It contains also 
the concentrated ingredients of the medium. 

It is obvious that the term tuberculin is an inclusive one. But no 
matter how inclusive the term or how varied the substance, all tubercu- 
lins have two things in common. First, they are derived from tubercle 
bacilli or their culture media. Second, all effective tuberculins contain 
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tuberculo-protein. Tuberculin is not a serum or a vaccine. It neither 
immunizes against tuberculosis nor prevents the development of this 
disease. It has capacity for good, capacity for harm. 

Many kinds of tuberculin have been promulgated; many claims have 
been made; many products put forward for reasons of stated, if not 
proved, superiority. Many authors have added ingredients to media 
or deleted them, for tuberculin’s sake. Many have added unusual 
chemical substances. An interesting one consisted of the addition of 
arsenic to media because injection of arsenic had appeared to help 
tuberculous patients. Forty-five years ago Proskauer and Beck, and 
Fraenkel, used synthetic, protein-free media for the purpose, and Joch- 
mann made his “Tuberculin Hell” (clear tuberculin) by the same method. 

In this almost wild search for a cure, which yielded an unknown but 
large number of tuberculins, physicians were stimulated by the brilliant 
and then current work of von Behring on diphtheria. Tuberculins were 
prepared and used in treatment because that seemed the way to im- 
munity—this by analogy to diphtheria, tetanus and rabies. The 
tubercle bacillus was presumed to elaborate a toxin as did the diphtheria 
bacillus. Tuberculin made tuberculous animals ill; it, therefore, was a 
toxin. Ifa toxin, it should be antitoxic. Such a product when injected 
properly should cause the body to elaborate antisubstances and thus 
raise the body’s resistance to tuberculous disease. 

Koch became convinced that his first or Old Tuberculin was not a cure 
for tuberculosis, for, in 1897, he prepared a second tuberculin called 
“Tuberculin Residue” and, in 1901, a third. None had the magic that 
would cure. 

Considerable ingenuity and considerable folly appear to have been 
displayed in this period of active work on tuberculin. Let me cite a few 
ways in which tuberculin was prepared. Bacilli were cultured with fungi 
to destroy the toxic effect. Bacilli were treated with iodine. Bacilli 
were frozen or killed by heat, drying or chemicals for effective use as 
tuberculin. In certain instances bacilli were added to the serum of 
previously infected horses. Numerous strains of nonpathogenic acid- 
fast bacilli (timothy grass, turtle as in Friedmann’s fiasco) have produced 
specific substances used as tuberculin. Culture media from which grow- 
ing bacilli had been removed were “‘subjected to many different methods 
of treatment—filtration, condensation, concentration, precipitation, 
etc.” Animals and birds, especially those known to be resistant to 
tuberculosis, were inoculated and their serum used as tuberculin. 

A large number of tuberculins are known by the name of their author 
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or inventor. A number, equally large, are known by a name which 
represents a particular ingredient or process or they have a trade name. 
Among many others these appear: albumose-free tuberculin, tuberculin 
made from blind-worm bacillus, frozen bacillus, pseudobovine bacillus, 
Old Tuberculin, tuberculin residue, bacillary emulsion, bouillon filtrate, 
oxytuberculin, tebesapin, tuberculinum purum, tubercucol, tuberculo- 
nastin, tuberculoplasmin, tuberculo-sozin, tuberculosamin and many, 
many others. 

And a good number of the tuberculins advocated were offered because 
of their suitability for some particular application. Thus we see products 
that are to be administered in or under the skin, in the veins, bronchus 
or eye, by nose, mouth, stomach or rectum. 

In 1912 Hamman and Wolman published a book on tuberculin which 
is an excellent compendium of the literature. In it they ranged the 
tuberculins in five groups. 


1: Group one consists of those containing tubercle bacilli. They are really 
vaccines. 

2: Those of this group are made by extraction of tubercle bacilli without regard 
to whether active principles are isolated. 

3: Those in group three are the ones which have been derived from culture 


fluids. Old Tuberculin is the best example. 

4: Group four contains those in which efforts have been made to obtain and 
isolate the active principle. Chemical purity has been the aim. 

5: Group five is made up of acid-fast bacilli other than tubercle bacilli which 
have been the basis of tuberculin. 


What does tuberculin do to man and animal? The answer depends 
upon whether the man or animal in question is infected with the tubercle 
bacillus. Relatively large quantities of tuberculin may be injected with 
entire safety into newborns or nontuberculous (noninfected) adults or 
animals. In fact the noninfected animal can tolerate a hundred or a 
thousand times the dose that would kill one with tuberculous infection. 

When introduced into susceptible (that is, infected) man or animal, 
tuberculin leads to one or more of three types of reaction, namely, the 
local, focal and constitutional. The local reaction is characterized by 
redness and induration at the point of injection. The ordinary skin test 
is an example. The focal reaction is an inflammation about foci of 
tuberculosis within the body. The constitutional reaction shows fever 
and the appearance of numerous general symptoms, such as fatigue and 
malaise. The injection thus may produce clinical illness. 


TUBERCULIN 577 


If tuberculin causes illness, should it be used? Lest anyone unfamiliar 
with the action of tuberculin be fearful on this score, it should be stated 
that the use of tuberculin for treatment or for diagnosis by the outmoded 
subcutaneous route may do harm unless given understandingly. But 
tuberculin applied in the usual skin test is, for practical purposes, quite 
harmless when given by direction. 

All through the welter from Koch’s announcement in 1890 to the 
appearance of Hamman and Wolman’s book in 1912, a considerable 
number of cautious observers submitted carefully assayed studies on the 
treatment of pulmonary and extrapulmonary tuberculosis. Many of 
these indicated that careful, intelligent use of tuberculin often gave 
gratifying results in treatment. Occasional reports of such workers 
sprinkle the literature still. But the disease is so variable and the results 
of treatment so difficult of analysis that most people have given up the 
use of tuberculin therapy especially in pulmonary tuberculosis. Waters 
and Peters, for instance, were unable to show that pulmonary tubercu- 
losis fared better with tuberculin than without. Numerous reports 
have praised specific treatment of tuberculosis of the genitourinary 
system, bone and joint, peritoneum, lymph nodes and skin and especially 
of the eye. Whether the ultimate status of such treatment will be a 
change over the present, one cannot say. The lack of even fairly uniform 
results leaves one highly skeptical. However, its use in tuberculosis of 
the eye seems definitely established as a procedure of merit. 

Let us now leave this sketch of tuberculin therapy and consider briefly 
its use in diagnosis. Although Koch was interested chiefly in curing 
tuberculosis, he did offer a diagnostic method with tuberculin which 
has been in general use for years. 

In 1890 the diagnosis of tuberculosis was easy. There was no knowl- 
edge of minimal disease without symptoms or of infection without clin- 
ical disease. The consumptive was sick. When differential diagnosis 
was difficult, Koch’s subcutaneous tuberculin test was applied. This 
long used but now discarded test was quite an ordeal. The patient had 
to be observed at bed-rest for several days prior to the test. The tem- 
perature level and meticulous physical examination had to be recorded. 
For diagnosis there had to be rise in temperature after injection of 
tuberculin, and the pulmonary focus should show increase in signs. Ifa 
bone lesion, there should be increase in pain and limitation in motion— 
again an index of focal inflammation. Such reactions were more than 
potentially dangerous. Inflammation around the focus led often to 
spread of tubercle bacilli by the blood-stream. 
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There are several kinds of tuberculin tests for diagnosis, in addition 
to the old subcutaneous test. For present needs only two will be men- 
tioned. 


1: The Pirquet or scratch test—still in use and still reliable although less 
sensitive than some. In this, undiluted tuberculin (Old Tuberculin) is placed 
on a scratch in the skin. 

2: The intracutaneous or Mantoux test in which dilutions of tuberculin are 
injected into the skin. It has the great advantage of measured dosage and 
is usually the preferred test. 


The coming of Pirquet’s skin test focused increased attention on diag- 
nosis. It provided the basis for the gathering of our relatively extensive 
knowledge of the epidemiology of tuberculosis. The skin test was so 
much simpler and safer than the subcutaneous test that workers used it 
extensively and found it so satisfactory that it reduced by far the number 
of new tuberculins to be introduced. 

During the first decade following the introduction of Pirquet’s test, an 
amazing mass of tuberculin testing was done, and a great deal of factual 
matter accumulated. The number of reactors at different ages was 
found to compare closely with the number of people showing tuberculous 
lesions at autopsy when they had died of other disease than tuberculosis. 
Many workers showed the high incidence of tuberculous infection among 
clinically healthy people. 

Such work established quite firmly the specificity of the tuberculin 
reaction. It showed beyond question that people may and do harbor 
tubercle bacilli without clinical illness; that a minute tubercle, without 
clinical import, will cause its bearer to react to tuberculin; that tubercu- 
lin is a reliable tool for measuring tuberculous infection at a given time 
among a cross section of the population, and also that itcannot differen- 
tiate between mere tuberculous infection and clinical tuberculosis. 

For several years following this basic work, but little that was new or 
instructive came from the use of tuberculin. Much of it from 1915 to 
1925 relates to such subjects as the significance of the skin reaction, 
theory of focal reaction, diagnostic value, the relation of skin reaction 
to complement fixation, red cell sedimentation or leucocyte count, the 
Wildholz autourine test, and so on. 

Significantly, in the middle 1920’s there began to appear more frequent 
and thorough studies on the chemical composition of tuberculin, many 
of them by Seibert and Long. Through the ensuing years, and along 
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with a good matiy inane articles, there continued to appear studiés on the 
hydrolysis, dialysis, precipitation of tuberculin, the chemical isolation 
of the active principle, experimental and clinical use of purified products 
such as TPT, MA-100, PPD and others, much of this work under the 
sponsorship of the Medical Research Committee of the National Tubercu- 
losis Association. Along with this have come studies on desensitization, 
mass tuberculin tests and variability of the reaction. These latter 
questions are, as all know, still under active study. Numerous studies 
have emanated from the laboratories of commercial houses which have 
codperated with the National Tuberculosis Association in furthering our 
knowledge of tuberculin. 

One rather recent development is worthy of comment. Desensitiza- 
tion with tuberculin has been in the spotlight for several years. It has 
been known for many years that prolonged tuberculin treatment leads 
to diminution and often to complete loss of skin sensitiveness. Rich 
and a series of associates have shown that large doses of tuberculin given 
daily to reacting, tuberculous guinea pigs render them nonreactive but 
do not affect the immunity that tuberculous animals are known to 
possess. The literature carries several confirmatory and several dis- 
senting reports. It appears at this stage of a rather fast-moving and 
changing subject that tuberculin desensitization is associated with 
apparent immunity for a few weeks but that prolonged desensitization 
eventually undermines the animal’s resistance to tuberculosis. It is a 
fascinating story, in which the final chapters are not yet written. 

Only one other subject need be touched upon. From time to time 
down the years of the tuberculin era, reports have been made of the 
waning or the loss of sensitiveness to tuberculin. Variability in the 
tuberculin reaction derives from two obvious causes: fluctuation of the 
individual’s sensitiveness and differences in potency of tuberculin. In 
respect to the first of these variables, it may be stated briefly that tuber- 
culous man does vary materially in his capacity to react to tuberculin. 
However, he rarely loses his sensitiveness completely save in a very few 
circumstances which have been codified as follows: (/) healed tubercu- 
losis, that is, true obsolete, usually calcified lesions; (2) acute tuberculosis; 
(3) during certain infectious diseases; (4) far advanced, terminal tubercu- 
losis; (5) after tuberculin treatment; (6) rare “unexplained’’ conditions. 
The variability in tuberculins is of more importance in this connection. 

Recent literature has presented several articles which not only recount 
the variability of samples of tuberculin as it comes from commercial 
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production, but actually challenge the validity of case-finding methods 
which use the tuberculin test. The challenge is based chiefly on two 
contentions: first, lack of correlation between different samples of Old 
Tuberculin and of purified tuberculin as available on the market; second, 
lack of correlation between tuberculin reactions and X-ray evidence of 
tuberculosis in the people tested. Evidence is presented that the inci- 
dence of tuberculin reaction lagged far behind the X-ray evidence of 
pulmonary lesions. The work of McKneely, Lumsden and associates 
and Gass and associates has, along with several others, pointed up this 
challenge. 

At present, final answer to these issues cannot be given in an historical 
sketch. These recent workers point out what has long been known, 
namely, that tuberculin varies in potency. The particular feature of 
their work rests on the fact that purified tuberculin is not always potent. 
This fact is disturbing, but it need not mean that we should throw over- 
board a substance of such long and satisfactory use as tuberculin. At 
least, tuberculin should not be discarded until the evidence against it is 
incontrovertible or until a better way presents itself. Producers stand- 
ardize tetanus antitoxin, insulin and practically all other biological 
products. But use of these products is not discontinued because some 


samples do not agree. It seems the wiser course to develop better 
methods of evaluation of tuberculin by which each lot manufactured is 
standardized. The work of literally hundreds of people attest the 
specificity and selectivity of tuberculin. Hart, Barnwell and Pollard 
and many others have emphasized the basis on which tuberculin (OT) 
may be considered as being specific. These follow: 


1: Correlation between necropsy evidence and tuberculin reaction during life. 
2: Correlation between autopsy statistics and incidence of positive tuberculins 
in the same periods and in the same samples of population. 

3; Evidence that both the incidence of positive tuberculins and latent pul- 
monary foci increase with age, and that the frequency of both is greater among 
contacts than noncontacts. : 

4: Animal experimentation demonstrating that infection induces skin sen- 
sitiveness to OT. 


If tuberculin were not specific one would expect to find less constant 
correlation with known autopsy results than obviously exists. Further- 
more, it is known that true, obsolete tuberculosis, that is, calcified lesions, 
often exists in nonreacting people; that at least a few types of tubercu- 
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losis, for instance Boeck’s sarcoid, exist in people who do not react; that 
X-ray lesions offer in themselves diagnostic problems and are therefore 
subject to some degree of misinterpretation. It is not known whether 
people in communities of long acquaintance with tuberculosis develop 
resistance that enables them to tolerate and heal their tuberculous 
disease readily, such factors may be in operation in certain of the counties 
under recent survey. So again final answer must be deferred. If a 
better way of diagnosis is found, X-ray may turn out to be the way, at 
least for mass use in corralling bacillus carriers. 

At the moment it seems proper to emphasize that very few people are 
yet willing to give up tuberculin because it is inconstant in potency. 

All who are interested in the issue agree with Lumsden when he said 
“it appears to behoove us and all others engaged or interested in this 
field of tuberculosis epidemiology to be humble in our ignorance and 
diligent in our search for new knowledge.” 
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A TUBERCULOSIS SURVEY OF A SUGAR PLANTATION 
IN HAWAII 


CHARLES L. WILBAR, Jr. anpD GARTON E. WALL 


FACTORS CONCERNED IN A TUBERCULOSIS SURVEY 


The question of the best method of surveying a community or industry 
in order to discover the amount and type of pulmonary tuberculosis is 
still unsettled. The most advisable methods of skin testing have been 
debated for some time, but recently even the value of skin testing as an 
index of those who have been closely exposed to tubercle bacilli has been 
definitely questioned. Lumsden, et al. (1), of the United States Public 
Health Service, after studying the result of skin testing on school children 
in a community in Tennessee and a community in Alabama, felt because 
a similar percentage of positives were found in both places in spite of 
marked differences in death rates, because they found strikingly variable 
results with different preparations of tuberculin, and because they found 
X-ray evidence of primary lesions in a greater percentage of skin-nega- 
tive than skin-positive cases, that there was considerable doubt as to the 
value of skin testing as an epidemiological index of tuberculous infection. 
Myers (2) in a recent article points out the lack of reliability of chest 
X-ray films, especially single flat plates, in detecting tuberculous lesions. 
He defends the use of the tuberculin skin test, however, when it is done 
and followed carefully and a high grade tuberculin is used. He points 
out that veterinarians have about wiped out tuberculosis in cattle by 
using the tuberculin test as practically the sole criterion for the diagnosis 
of tuberculosis. From his experience in studying thousands of children 
at Lymanhurst, Myers concludes that the discrepancy between the 
tuberculin reaction and the X-ray examination “‘may be accounted for 
either on the ground that the calcification is due to some healed in- 
flammatory condition of a nontuberculous nature, to tuberculous in- 
volvement which has completely died out or to error in interpretation of 
shadows.” At any rate, as Long (3) points out, the practical informa- 
tion desired from a tuberculosis survey is how many persons are harboring 


1 From the Ewa Health Project, Ewa, Oahu, Territory of Hawaii. 
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tubercle bacilli at the time rather than how many have ever been infected 
by tubercle bacilli. 

The value of fluoroscopy in finding tuberculous lesions of the chest 
has been speculated upon for some time. Physicians of the Metro- 
politan Life Insurance Company (4), after an extensive study, feel that 
they have been able to diagnose pulmonary tuberculosis fairly accurately 
with the fluoroscope (87 per cent as well as with X-ray films). Bloch, 
et al. (5) do not believe from their experience at the University of Chicago 
that many lesions of clinical importance are overlooked under the 
fluoroscope by well trained observers. However, Sawyer (6) in reporting 
on the study made on Eastman Kodak Company employees from 1921 
to 1939 feels that, while fluoroscopy is of considerable practical value in 
selecting cases for X-ray films if the fluoroscopy is done by experts, 
nevertheless in inexperienced hands it is a source of potential danger and 
it will not discover extremely early lesions. In reporting on the examina- 
tion of 5,158 students at the University of Minnesota for pulmonary 
tuberculosis by regular staff physicians, Boynton, et al. (7) conclude, 
“if fluoroscopic examination alone had been relied upon, 58 per cent of 
this group showing lesions on X-ray films would have been missed.” 
After performing tests for the brightness of the fluoroscopic image, Weyl 
and coworkers (8) felt that with a most conservative interpretation the 
fluoroscopic images were much inferior to those obtained on film or paper. 

As Myers (2) points out, the only highly accurate method of deter- 
mining the presence of tuberculous infection is a detailed postmortem 
examination; but we must continue to strive to find clinical methods the 
accuracy of which will approach this ideal. In doing industrial surveys 
for tuberculosis the cost of materials and time spent are also factors to 
be taken into consideration. 

With all these factors in mind a case-finding tuberculosis survey of 
the people living on the sugar plantation situated at Ewa, Hawaii was 
started in June, 1937 in- an attempt to ascertain the feasibility, value 
and the most satisfactory method of surveying a plantation community 
for tuberculosis by the medical personnel of that community. 


CONDUCT OF EWA SURVEY 


Ewa Plantation was chosen for this survey because of the presence 
there of a Health Project, which has been conducted for the past ten 
years under the auspices of the Queen’s Hospital Research Department, 
the Hawaiian Sugar Planters’ Association and the Ewa Plantation Com- 
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pany in an attempt to investigate and teach matters of public health 
and preventive medicine for the benefit of the plantations of Hawaii. 
The Ewa survey was a coéperative one, with five organizations assisting 
in its completion. The Tuberculosis Association of Hawaii supplied 
funds for X-ray films, record and tabulating cards and for a portion of 
the clerical work necessary. The Territorial Board of Health supplied 
the material for tuberculin testing and the use of their card index filing 
machine. The physicians at the Leahi Tuberculosis Sanatorium gave a 
short course of instruction in chest fluoroscopy to the two Ewa physicians 
who were conducting the survey, and the Leahi staff also read all of the 
X-ray films taken. The Ewa Plantation Company provided for the 
services of Doctor Wall and his assistants and other incidental costs of 
the survey. The Ewa Health Project provided for the services of Doctor 
Wilbar and his assistants. 

Because of a desire to conduct this survey with a limited personnel 
and limited funds in order that, if successful, the survey might be re- 
peated on various plantations by their local personnel, only one skin 
test was done on each person, using a medium strength tuberculin, and 
chest fluoroscopy was used on all those with positive skin reactions, 
taking chest X-ray films only on those who showed anything suspicious 
in their lungs under the fluoroscope. Material used for skin testing in 
each case was 0.1 cc. of a solution containing 0.000,5 mg. Purified Protein 
Derivative of tuberculin, given intracutaneously. As something of a 
check upon the accuracy of the fluoroscopy and of the skin testing, 
approximately 100 of those declared negative to fluoroscopy and 100 of 
those with negative skin tests were also X-rayed. 

Twenty months were required to complete this survey, which was done 
concomitantly with the regular routine medical work on the plantation. 
In conducting it the two physicians at Ewa spent over two hundred 
hours, nurses over sixty hours, and clerks over four hundred hours. It 
was found that the physicians averaged about five minutes for one 
fluoroscopy, including the time spent in preparing the room and in 
dictating findings. This record of time spent was kept in order to get a 
fairly complete estimate of the cost of the survey. 


FINDINGS 


Altogether 14 cases of probably active tuberculosis were discovered 
by this survey (0.44 per cent of the number surveyed), along with 4 cases 
of doubtful secondary lesions and 3 cases of nontuberculous lesions of 
the lung. The activity of the tuberculous lesions cannot, of course, be 
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ascertained by one X-ray film, but only by repeated films. However, 
the character of the lesion seen in the film indicates the possibility of 
activity, so that is why these lesions have been called ‘“‘probably active”’ 
rather than “active.” Of the 14 cases of “‘probably active’ secondary 
type of tuberculosis discovered, 9 were minimal parenchymal types and 
5 were moderately advanced parenchymal types. 

A complete tabulation of the results of the survey follows: 


Number individuals included in survey 
Number positive to .000,5 PPD (total) 
Number negative to .000,5 PPD (total) 
Slough (necrosis) 
Males with positive Mantoux 
Males with negative Mantoux 

Total males 
Females with positive Mantoux 
Females with negative Mantoux 

Total females 


With positive With negative 
Mantoux Mantoux 


Oto 4 years 7— 2.9% 234 
5 to 14 years 68— 6.7% 943 
107—24.5% 330 
302—41 .4% 428 
395—52.3% 360 


Fluoroscopy 
Number done 


Adherent diaphragm 
Striations from hilum to parenchyma 
X-rays 

Number done 

I. Cases positive to fluoroscopy: 102 X-rayed 
Negative 
Doubtful secondary pleural 
Doubtful secondary parenchymal 
Primary healed node or nodule 
Primary, probably active node or nodule 
Secondary healed pleural 
Secondary healed parenchymal 
Secondary probably active parenchymal, minimal 
Secondary probably active parenchymal, moderately advanced 


| 
Division by Age Groups i 
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II. Cases negative to fluoroscopy: 120 X-rayed 

Negative 
Primary healed node or nodule 
Secondary healed pleural 
Secondary probably active parenchymal, minimal 
Nontuberculous lesion 

. Cases with negative skin tests: 95 X-rayed 
Negative 
Doubtful secondary parenchymal 
Primary healed node or nodule 
Secondary healed pleural 
Secondary healed parenchymal 

Total Clinically Significant Lesions Found 

14 cases of probably active tuberculosis (secondary type) (0.44 per cent) 
9 cases of “secondary—probably active—parenchymal—minimal” 
5 cases of “secondary—probably active—parenchymal—moderately ad- 

vanced” 

6 cases of doubtful secondary type tuberculosis 
2 cases of “doubtful secondary pleural” 
4 cases of “doubtful secondary parenchymal” 

3 cases of nontuberculous lesions of the lungs 

Ages of secondary cases: 
Between 25 and 35 


FOLLOW-UP 


The 5 moderately advanced cases found at Ewa and 2 of the more 
severe of the minimal cases were transferred to the Leahi Tuberculosis 
Sanatorium. One of the moderately advanced cases left the plantation 
suddenly without notice immediately after his lesion was discovered 
by X-ray. About six months later he returned with far advanced 
pulmonary tuberculosis and has since died at Leahi Sanatorium. The 6 
remaining cases in the Sanatorium are improving. The other 7 cases 
with minimal lesions have been followed at Ewa, and their lesions have 
not progressed. The 6 cases of “doubtful secondary type” of tuberculosis 
have shown no changes clinically or by repeated X-ray films during the 
intervening year since their original X-ray films. 
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Sex of secondary cases: 
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COMMENT 


Skin testing: The percentage of persons with positive skin tests (28.0 
per cent) for the whole plantation was unusually low, especiaily among 
those under twenty-five years of age. Recent surveys (9) have generally 
shown a marked decrease from surveys of previous years in the percentage 
of those positive to tuberculin in various places, but even when compared 
with them the Ewa figure is unusually low. An attempt was made to 
read all the tuberculin reactions forty-eight hours after injection, but 
some persons failed to show up within that time. The one case of slough 
was not severe and healed with treatment in about a week’s time. The 
greater percentage of males with positive tests over females is a usual 
finding. The ratio of 13 males to 1 female in the group found to have 
secondary lesions can partly be accounted for by the fact that there are 
a considerable number of unmarried laborers working on the plantation. 

The presence of people of many different national extractions on the 
plantation makes an interesting category into which a division can be 
made. Except for those of Japanese, Chinese and Filipino extraction 
the numbers are probably too small for the percentages to be significant. 
At Ewa there are hardly any persons of Hawaiian extraction, a group in 
which the high incidence of the disease is illustrated by a death rate of 
234 from tuberculosis in the Territory of Hawaii in 1938 and by 77.5 per 
cent positive Mantoux tests among a group of Hawaiians tested this year 
with 0.000,5 PPD by the staff of the Samuel Mahelona Tuberculosis 
Sanatorium on the Island of Kauai. (The figure of 77.5 per cent is an 
average for all ages. For those over twenty-nine years of age the per- 
centage of positive reactors was 98.0.) It is significant that while most 
of the plantation people came from countries or are sons and daughters 
of those who came from countries where the tuberculosis rate is high, the 
rate is very low among them when they live on a sugar plantation in 
Hawaii. Recent official figures on tuberculosis from China and Japan 
are not available, but official figures from Tokyo, as translated by Dr. 
J. Matsuoko, showed a death rate in 1932 from all forms of tuberculosis 
in that city of 224 per 100,000. Physicians who have been to the Orient 
claim that the amount of tuberculosis there is still high. A report (10) 
by the Director of the Tuberculosis Bureau of the Philippine Islands 
shows an incidence of 6.2 per cent of pulmonary tuberculosis among 
24,000 government employees there. The author does not state how 
the X-ray plates were classified and how “positives” were determined. 
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Nevertheless, the percentage is a great deal higher than the 0.44 per cent 
of positive cases found at Ewa. The percentage found at Ewa is defi- 
nitely lower than the summary of world-wide statistics recently pub- 
lished by Bloch, e¢ al. (5) in which the percentage of significant lesions 
in the industrial group is given as 1.12 and the percentage in rural 
villages as 1.43. 

H. S. Cumming (11), when Surgeon General of the United States 
Public Health Service, reported that the rapidly declining rate of urban 
mortality from tuberculosis, when deaths were corrected for residence, 
was causing the rural rates to be higher than the urban rates in most 
places in this country. This, he felt, was probably due to better pro- 
phylaxis in the city. Prophylactic measures may very well be the cause 
of the low rate at Ewa, for the practice and teaching of measures of 
disease prevention and hygiene have been stressed there for a number 
of years, with particular emphasis on nutrition. 

Dividing the population into its various residential areas seems to show 
little of significance in regard to the percentage of positive skin reactors. 

Ninety-five cases with negative skin tests were selected at random for 
chest X-ray films as a check upon the value of the skin testing used as a 
screen in finding positive cases. Of these, 12 films showed what appeared 
to be healed tuberculous lesions. Eleven of these 12 were given Mantoux 
tests with the strongest dilution of PPD (0.02 mg.), and only one of them 
showed a positive reaction. The 10 who still showed negative skin 
reactions may have lost the sensitivity to tuberculin they once had, or 
the lesions may be nontuberculous, or a still stronger solution might give 
positive reactions. 

Fluoroscopy: The fluoroscopies done by two physicians who were not 
experts in that line proved to be very time consuming and of somewhat 
uncertain accuracy. When 120 cases which were declared negative to 
fluoroscopy were roentgenographed, 2 showed probably active secondary 
parenchymal lesions of minimal degree and one showed a nontuberculous 
lesion of the lung. Thus it is fairly safe to assume that several active 
cases were probably missed by using fluoroscopy first rather than by 
X-raying all those with positive Mantoux reactions. If the two phy- 
sicians’ time spent on fluoroscopy is considered as an expenditure there 
was very little saving in using chest fluoroscopy as an intermediate 
screen rather than X-raying all those with positive skin tests. Any 
economic advantage that might be gained by interposing fluoroscopy 
would certainly not seem to offset the inaccuracy caused by this in- 
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terposition. Also, X-ray films, unlike fluoroscopy, provide permanent 
records which can be viewed by more than one person at any convenient 
time and which remain available for comparison with films taken at other 
dates. Fluoroscopy does have one advantage over flat X-ray plates in 
that it allows movement of the chest at the time of observation, which 
assists in differentiation and localization of lesions. 

Clinical findings: Temperatures and pulse rates were taken at the 
time of fluoroscopy on most of the cases. None of the active cases 
showed any elevation in temperature and only 2 of them showed an 
elevation of pulse rate over 90 per minute. Only one of the active cases 
showed any abnormal signs of the chest. One case with a probably 
active secondary parenchymal lesion of minimal degree showed rales. 
When this absence of clinical findings is coupled with the fact that none 
of these people had any symptoms of illness, but were doing their daily 
routine work at the time of the survey, the findings of many other in- 
vestigators, who have noted lack of signs and symptoms in early cases 
of tuberculosis, are substantiated. 

X-ray films: The single flat chest films will, of course, miss some le- 
sions, as has been pointed out by Myers (2) and others, and no single 
plate can determine activity. Cases with lesions suspicious of activity 
in the original plates should be followed clinically and by progressive 
plates. It is universally agreed (2, 4, 6, 9-c) that adequate follow-up 
and care is a prime essential to the success of any program aimed at the 
lowering of the incidence of pulmonary tuberculosis. A stereoscopic 
film is undoubtedly of greater value than a flat plate but doubles the cost, 
and it is questionable whether it adds enough information to call for 
such an increase in expenditure in a large survey. 


SUMMARY AND CONCLUSIONS 


1. A case-finding survey for pulmonary tuberculosis was conducted on 
3,185 persons living on the Ewa Sugar Plantation in Hawaii. The 
survey was done by the regular medical personnel of the community. 
All persons were skin tested with 0.000,5 mg. PPD; those with positive 
skin tests were fluoroscoped; and those who showed any abnormalities 
of the chest under the fluoroscope were X-rayed on single flat plates. 

2. Fourteen cases of ‘‘probably active” tuberculosis were uncovered 
along with 4 cases of lesions of doubtful activity and 3 cases of nontu- 
berculous lesions of the lung. 

3. Eight-hundred and ninety, or 28 per cent, showed positive skin 
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reactions. This is a low figure compared with surveys elsewhere. 
Tables are presented showing the division of the results of skin testing 
by sex and age groups. 

4. Ninety-five chest X-ray films, taken at random among the group 
negative to 0.000,5 mg. PPD, yielded 12 plates with evidence suggesting 
healed tuberculous lesions; 11 of these 12 were given Mantoux tests 
with 0.02 mg. PPD, and only one of these had a positive reaction. 

5. One-hundred and twenty cases declared negative to fluoroscopy 
were chosen at random for chest X-ray films. Among these, 2 minimal 
secondary, probably active parenchymal lesions were fouad along with 
one nontuberculous lesion of the lung. 

When the physicians’ time spent on fluoroscopy is considered, this 
method is found to be little less expensive than X-raying all those with 
positive skin tests. What little economic advantage there is to inter- 
posing fluoroscopy seems to be more than offset by the inaccuracy of 
this method in inexpert hands and by the fact that X-ray films, unlike 
fluoroscopy, provide permanent records which can be viewed at any 
time. 

6. Abnormal clinical signs and symptoms were almost completely 
absent in all of these people whether or not they showed any lesions. 

7. This survey tends to show that an industrial community can be 
fairly well surveyed for tuberculosis by its own medical personnel. The 
survey was carried on simultaneously with the other medical activities 
and could have been done in approximately half of the time which was 
spent upon it if no fluoroscopies had been done but all positive cases 
had been X-rayed. The finding of 14 “active” cases of tuberculosis 
who were potential spreaders of the disease, with follow-up and treat- 
ment of these cases and close contacts, should help to reduce this disease 
to a minimum. The economic value of discovering 21 persons with 
lung lesions in early stages is considerable, for if allowed to progress to 
advanced stages where symptoms cause them to seek treatment their 
cost to the community would be many times what it now is. 
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BCG IMMUNIZATION: ? 


A Comparison of the Effects of BCG and of Heat-Killed Organisms 
on the Course of a Subsequent Infection with Virulent 
Tubercle Bacilli in the Guinea Pig 


AVERILL A. LIEBOW, CASPAR G. BURN anp WILLARD B. SOPER 


Since the early work of Calmette and Guérin two chief controversies 
have arisen. Is BCG harmless? Is it effective as a prophylactic agent? 
The present experiments yield evidence regarding only the second of these 
questions. The effectiveness of dead ‘“‘S” (smooth strain) bacilli in 
protecting the rabbit was demonstrated by Soper, Alpert and Adams. 
It was therefore considered of interest to include a series treated with 
an “S” (smooth strain) and an “R” (rough strain) with the BCG and 
control groups. 

Most writers are in agreement that BCG possesses some value in 
reducing the severity of a subsequent infection with virulent bacilli in 
the guinea pig. Calmette, Boquet and Négre in 1921 demonstrated the 
greater resistance of the inoculated animals to conjunctival infection. 
Imamura and Takahashi showed that animals immunized with BCG 
showed less organ tuberculosis than did controls, and Selter and Blumen- 
berg found no tuberculosis in some of their animals, and in those where 
it was generalized the extent of the lesions was “definitely less than in 
the controls.”” Rist and Misiewicz attempted to immunize one group of 
guinea pigs by injecting them with very small numbers of virulent 
tubercle bacilli (Webb’s technique), and another group with BCG. The 
latter outlived the former and also a third control group, when a large 
dose of virulent tubercle bacilli was later introduced. Okell and Parish 
“believe that the evidence recorded here proves beyond a doubt that a 
vaccine which in our hands at least was apparently harmless has given 
rise to a significant immunity.” Schroeder and Crawford found a marked 
prolongation of life among the vaccinated guinea pigs, but every vac- 


1 From the Departments of Pathology and of Internal Medicine, Yale University School 
of Medicine, New Haven, Connecticut. 

2 Supported by a grant from the Fluid Research Funds of Yale University School of 
Medicine. 
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cinated animal eventually died of tuberculosis. Likewise, Lange and 
Lydtin demonstrated protection, but this was not uniformly successful 
nor was it permanent. Buschmann, Rupilius, Kirchner and Newton, 
King and Park, Togunowa, Archangelsky and Baidakowa, and Gerlach 
give favorable reports. Those animals of von Hutyra in which no ap- 
parent disease was caused by the vaccine itself tended to resist small 
doses of virulent bovine organisms. 

Isabolinsky and Gitowitsch could ascribe almost no vaccinating value 
to BCG but in their experiments the time between prophylactic and 
virulent infections was from three to four months. Langer also after a 
long interval of five months found that young heat-killed bacilli were 
prophylactically as effective as 5 mg. of BCG. Interest in heat-killed 
bacilli, diminished by early lack of success, has been revived by these 
experiments and by those of Petroff and coworkers. Again the resistance 
conferred by BCG appeared in no way greater than that by heat-killed 
organisms. 

How is this diversity of findings to be explained? The term BCG does 
not designate exactly the same strain in all instances. Many strains 
are mentioned by number in the literature. Von Hutyra found that his 
sixteen to eighteen-day cultures of BCG sometimes produced advanced 
lesions, whereas bacteria three weeks older were mildly or not at all 
pathogenic. Particularly important are the dissociation studies of 
Petroff and coworkers. Furthermore, in none of the reported experi- 
ments were all the guinea pigs equally protected. Nobel and Solé state 
that the susceptibility of this animal is extraordinarily variable. The 
very great diversity of doses, routes of inoculation, and particularly of 
time intervals between the prophylactic and virulent injections are of 
importance. Langer, for example, points out an absence of relative 
protection if the virulent organisms are given one year rather than five 
months after the BCG. Calmette, Guérin, and Weill-Hallé state that 
the duration of immunity in the guinea pig does not usually exceed six 
months. 

Most of the work in the literature is of limited value because of the 
small number of animals used for any one dosage and procedure. 


MATERIAL 


Its high susceptibility to both human and bovine strains of tubercle 
bacilli, in which respect it is analogous to man, makes the guinea pig, as 
pointed out by Korschun, of special value. Two hundred and twenty- 
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two animals were used, 48 for treatment with BCG subcutaneously, 47 
with BCG intracutaneously, 47 with heat-killed “S” organisms intra- 
muscularly, 48 with heat-killed ““R” organisms intramuscularly, and 32 
controls. 

The BCG, in a concentration of 1.5 mg. per cc., was graciously supplied 
by Dr. W. H. Park. This is the strain used in the human vaccinations 
in New York City. 

The heat-killed (100°C.) organisms, dissociated from the strain H37 
in the laboratory of Dr. S. A. Petroff and obtained through his courtesy, 
came in a concentration of 5 mg. per cc. (labeled 29X133). 

The virulent organism was a fourth generation strain of H63 (Saranac 
Laboratory 39). The use of a strain for infection different from that 
for protection (H37) appears desirable on analogy with the conditions 
of external reinfection in nature. 

The tuberculin was of 5 per cent strength prepared from Old Tuber- 
culin (Saranac Laboratory). 


METHODS 


The animals, caged by fours, were geographically alternated by heat- 
killed and BCG groups so that neither was favored by windows or heating 
arrangements. The control animals were kept in the same room but, 
of necessity, in two large cages containing 16 each. Throughout the 
experiment the animals received daily rations of fresh lettuce and oats 
ad libitum. 

Tuberculin tests were performed before injection of all animals ex- 
cept nos. 169-192 and were found to be negative. OT diluted to 5 per 
cent was injected into an area of abdominal skin, depilated by plucking 
on the day before and cleaned with 80 per cent alcohol just previous to 
testing, so as to produce a wheal about 3 mm. in diameter. The reactions 
were interpreted in accordance with the key accompanying table 3. 

The BCG for subcutaneous injection was prepared by diluting with 
normal saline the suspension supplied so that each cubic centimetre con- 
tained 0.03 mg. One cubic centimetre was injected with a fine needle 
beneath the skin of the lower abdominal wall after cleaning the site with 
80 per cent alcohol. For intracutaneous injection the BCG was similarly 
prepared by so diluting the suspension that each 0.1 cc. contained 0.03 
mg. ‘The skin of the lower abdominal wall was prepared as for tuber- 
culin testing and the alcohol was allowed to dry. 

The heat-killed organisms were diluted to 0.3 mg. per cc. and the in- 
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jections made into the thigh muscles through the alcohol-cleansed skin. 
Alternate thighs were used, the left receiving two doses, the right, one, 
in accordance with the schedule to follow. 

Five milligrams of the virulent organisms, obtained from the original 
glycerine-agar slant with due care to avoid including agar, were sus- 
pended in normal saline by grinding in a mortar and diluted to a con- 
centration of 0.01 mg. per cc. Each animal received 1 cc. of the 
suspension through the skin of the thigh into the region of the groin. 

All suspensions were thoroughly shaken before injection. All mate- 
rials, including the tuberculin, yielded no bacterial growth on blood-agar 
plates. The BCG grew well on Dorset’s egg medium to which 2 cc. 
of Savita’ broth had been added. 

Necropsies were performed on all animals. The skin was soaked 
with 1:1,000 mercury bichloride and elevated as a separate flap from 
the deeper structures with sterile instruments. Small pieces of the 
organs were obtained through short incisions in the body wall for bac- 
teriological examination. The organs, including the cervical, axillary, 
inguinal, paravertebral, mesenteric, and mediastinal lymph nodes, were 
then widely exposed and examined. Specimens from all animals dying 
after the sixtieth day were preserved in 10 per cent formalin. Certain 
of these were sectioned for microscopical examination. 

Certain of the animals at the end of the experiment were killed by 
a sharp blow on the head, followed immediately by clamping the trachea. 
They were then treated as described in the preceding paragraph. 

The fragments of the organs, aseptically removed, were smeared over 
the surface of blood agar plates and then cultured in Holman’s meat 
medium. The cultures, kept at 37°C., were examined in twenty-four 
and forty-eight hours. Whenever the plate proved to be sterile at 
the end of this time a loopful of the meat medium culture was streaked 
out on another blood agar plate. 


CHRONOLOGY OF PROCEDURE 


The animals were treated according to the following calendar by the 
methods and with the materials just described: 


1: Tuberculin testing and weighing of animals. 

2: “Immunizing injections” (2 days later). 
a. Animals nos. 1-48 with dead “S” 0.3 mg. in 1 cc. intramuscularly. 
b. Animals nos. 49-96 with BCG 0.03 mg. in 1 cc. subcutaneously. 


8 Yeast extract broth. 
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c. Animals nos. 97-144 with dead “R” 0.3 mg. in 1 cc. intramuscularly. 
d. Animals nos. 145-168 with BCG 0.03 mg. in 0.1 cc. intracutaneously. 
e. Animals nos. 193-224 (controls). 
3: 5th day of experiment: Second injection of “S” and “R” as under 2a and 2c. 
4: 10th day of experiment: Third injection of “S” and “R” as under 2a and 2c. 
Animals nos. 169-192 injected with 0.03 mg. BCG in 0.1 cc. intracutaneously. 
5: 48th day of experiment: Surviving animals weighed and tuberculin tested. 
6: 60th day of experiment: Surviving animals injected with 0.01 mg. virulent 
organisms in 1 cc. 
7: 232nd day of experiment: Surviving animals tuberculin tested. 
8: 309th day of experiment: Surviving animals tuberculin tested. 
9: 461st day of experiment: Surviving animals killed to terminate experiment. 


OBSERVATIONS 


The course of the experiments is indicated in chart 1. It is at once 
apparent that the survival curves of the animals treated with “S” and 
“R” pursued a similar trend (emphasized by the shading) which was 
quite distinct from that of the two groups receiving BCG. The ap- 
parent homogeneity of the “S” and “R” populations was confirmed by 
application of the x? method‘; likewise for the two BCG groups. The 
latter survived longer. Furthermore, the incidence of deaths from 
intercurrent infection before the sixtieth day (time of inoculation of 
virulent tubercle bacilli) was much higher in the animals undergoing 
vaccination with heat-killed organisms. 

The chart does not indicate whether death after the sixtieth day oc- 
curred from intercurrent infection or with tuberculosis. This informa- 
tion is summarized in table 1. In order to offer as complete an analysis 
as possible, three dates of reference are employed. The last category, 
which indicates the proportion of animals with and without tuberculosis 
after the time of death from tuberculosis of the first animal in each 
group, is most rigorous. 

It is interesting to note that all but 2 animals in the “heat-killed” 
group died of tuberculosis after the first animal showed tuberculosis 
at necropsy, whereas 24 of 42 BCG treated animals showed no evidence 
of this disease. Comparing the least favorable of this group (BCG intra- 
cutaneous) with the “‘S” group by the x? method showed a statistically 
highly significant difference (P < .01). In other words, treatment 
with BCG (intracutaneous) conferred a significant degree of protection. 


‘ Fisher, R. A.: Statistical Methods for Research Workers, ed. 5, Oliver & Boyd, London, 
1934, 
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CuartT 1. This is a graphic representation of the percentage of survivors in each group 


on any day during the course of the experiment. 


The larger number of deaths on account of 


intercurrent infection during the period of immunization (until the sixtieth day) of the animals 
receiving heat-killed organisms, and the longer survival of the animals receiving BCG are 


striking. 


TABLE 1 


LOCAL 
LYMPHATIC 
TUBER- 
CULOSIS 
ALONE 


1. From time of injection 
of virulent bacilli (60th 
day) until death 


2. From time of death of 
first control with gen- 
eralized tuberculosis 
(108th day) until 
death 


3. From time of death of 
first in each group 
with tuberculosis un- 
til death 


Control 

BCG subcutaneously 
BCG intracutaneously 
‘ 

R’ 


Control 

BCG subcutaneously 
BCG intracutaneously 


Control 

BCG subcutaneously 
BCG intracutaneously 
Ss’ 

R’ 
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Considering all three methods of tabulating results the “‘S” group seemed 
somewhat better protected than the “R” group, but the difference 
between the two was not statistically significant. 

Not only was there much less tuberculosis among the BCG animals, 
but the lesions, when present at all, appeared later, as demonstrated 
in table 2. 

The first animal in the BCG subcutaneous series to display generalized 
tuberculosis died about three months after the first in the control and 
“heat-killed” groups. 

The tuberculin reactions: All animals gave negative reactions before 
injection, with the exception of nos. 169-192 which were not tested. 
In Korschun’s experience, using doses of BCG varying from 0.1 to 50 
mg. by various modes of introduction, the reactions were positive about 
one month after injection, but at seven months had become weak or 


TABLE 2 


DAY OF FIRST APPEARANCE OF TUBERCULOSIS 


Limited to lymph nodes Generalized 


108 108 
_ 115 
123 
143 157 
148 209 


negative. In the present experiments strong reactions were observed 
in the BCG group when tested forty-eight days after inoculation. The 
reactions of the “R” and “‘S” treated animals were very much weaker 
at this time. As in Korschun’s work some of the animals which on 
the forty-eighth day had given maximum (++++) reactions, had 
by the two hundred and thirty-second day (six months later) become 
negative despite the fact that virulent organisms had, in the interim, 
been injected (table 3). 

This table demonstrates that where the tuberculin reactions tended 
to decrease or to remain below +++, the animal was holding the 
virulent bacilli in check, as no lesions were found at postmortem in all 
but animal no. 80. A maximum reaction at the last examination, how- 
ever, did not necessarily signify the presence of lesions. 

There was no perfect correlation within any vaccinated group between 
the magnitude of the tuberculin reaction on the forty-eighth day and 
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BCG IMMUNIZATION 599 


the length of life or amount of tuberculosis. The ‘““BCG subcutaneous” 
animals, however, showed the strongest reactions and had the least 
tuberculosis; the ““BCG intracutaneous” had definitely weaker skin 
reactions and definitely more tuberculosis; the “S’” and “R” had the 


TABLE 3 
Tuberculin reactions (virulent organisms sixtieth day) 


ANIMAL | REACTION REACTION REACTION DAY OF | TUBERCULOSIS 
NUMBER} 48TH DAY 232ND DAY 309TH DAY DEATH AT AUTOPSY 


Control ae 277 Advanced 


“gy ++ 292 0 
450 Advanced 


++++ 278 
0 278 0 
Advanced 
++++ Slight 
0 0 
BCG subcutaneous rer 


0 

++++ 0 
0 
0 


Slight 


+++ Advanced 


++++ Advanced 
++++ Slight 
+ 0 
BCG intracutaneous + + — 
| +$+4+4+ Advanced 
+ 0 0 
+++ | +4+4+4+ 0 


* K indicates that the animal was killed. 

Key: 0, negative; +, induration without erythema, 3 mm. or less; ++, induration 
without erythema, greater than 3 mm.; +++, induration with erythema, 5 mm.; ++++, 
induration with erythema and necrosis. 


weakest reactions and the most tuberculosis. Rupilius states that if, 
as Calmette maintains, allergy is not essential for immunity in tuber- 
culosis, the tuberculin test is yet the most reliable sign of immunity. 
This question has been discussed at length by Rich and McCordock 
and more recently by Rothschild, Friedenwald, and Bernstein and 


| 
GROUP 
+ 
58 | ++++ 
K 56 | ++++ 
| K 80 + 
«R” 132 + 
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by Lurie. It would seem that such animals as survived both immuni- 
zation with BCG and the injection subsequently of virulent tubercle 
bacilli without developing manifest tuberculosis and whose tuberculin 
reaction became negative (see table 3) would be ideal material to put 
the problem of whether allergy is necessary for immunity to experi- 
mental test. 

Deaths from causes other than tuberculosis: The high incidence of 
deaths from intercurrent infection in the “R” and “S” vaccinated groups 
during the early period of the experiment, graphically shown in chart 1, 
is tabulated in table 4. Again applying the x? test in comparing the 
mortality figures at the sixtieth day of the nearest BCG and “heat- 
killed” groups (BCG subcutaneous and “R” in this case) a statistically 
significant difference is found (P = .015). 

This finding suggests that the resistance of the animals was lowered 
by the large doses of heat-killed organisms. The controls showed the 


TABLE 4 


ANIMALS DYING 
AFTER INJECTION 
OF VIRULENT 
ORGANISMS 


ANIMALS DYING BEFORE INJEC- 
TIONS OF VIRULENT ORGANISMS 
(60TH DAY) 


27 (60% of total) 
28 (59% of total) 
BCG subcutaneous 16 (38% of total) 
BCG intracutaneous 16 (35% of total) 
Controls 8 (25% of total) 


least proportion of early intercurrent deaths, indicating that the BCG 
had also a tendency to lower slightly the general resistance of the animals. 
A similar phenomenon is reported by Kereszturi, Park, Vogel and Levine 
among the children in their BCG vaccination experiments, but they 
offer the explanation that the controls were kept under different con- 
ditions. Remlinger and Bailly, however, report that the general 
mortality of their BCG vaccinated guinea pigs was not greater than 
that among controls and cite Cantacuzene’s experience of a marked 
decrease in deaths due to other causes than tuberculosis in the Rumanian 
BCG vaccinated children. 

Pathology and bacteriology: During the course of the experiment local 
lesions, firm in consistency and varying from pin-head size to 1.5 cm., 
were found at the sites of injection of the BCG. Histologically ex- 
amined in animal no. 92, dead on the eighty-first day, one of these proved 


20 47 
20 48 
32 48 
31 47 
24 32 
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to be a typical encapsulated tuberculous abscess. In this series these 
lesions, so often described in the literature, had appeared in many animals 
by the thirtieth day and disappeared by the one hundred and tenth. 
Selter and Blumenberg noted their appearance in twenty-four days, 
and in Rupilius’s work the local lesions were found to disappear in from 
one to four months. In Buschmann’s experiments the lesions were 
seen after from four to ten days and remained for one and a half to 
two and a half months, disappearing without trace in five to six months. 
Transient lymphatic enlargement without external rupture of caseous 
material occurred in the period of local lesions in some of the animals. 

A fine, discrete white speckling of the liver or spleen was noted at 
the necropsies of some animals of all groups long before and shortly 
after injection of the virulent bacilli. Microscopical examination of 
the organs of animals nos. 9, 106, 92 and 79 showed no evidence of 
tuberculosis. An acute focal, nontuberculous hepatitis, however, was 
present. 

Intercurrent infection usually took the form of a diffuse or focal 
fibrinous enzootic pneumonia. Pasteurella bronchiseptica was the or- 
ganism most frequently cultured from the lungs. Next in frequency 
was an alpha haemolytic organism, either streptococcus or pneumo- 
coccus. The presence of these cocci was often associated with sero- 
sanguineous pericarditis or pleurisy. 


SUMMARY AND CONCLUSIONS 


The influence of injections of heat-killed ‘‘S” and “R” tubercle bacilli 
injected intramuscularly, and of BCG injected subcutaneously and 
intracutaneously on the course of a subsequent infection with virulent 
tubercle bacilli was studied in the guinea pig under controlled conditions. 

A definite degree of protection was observed in animals receiving 
BCG, as judged by the lower incidence and lesser amount of tuber- 
culosis, later appearance of lesions, and longer period of survival as 
compared with the controls. Heat-killed ‘‘S” bacilli were only slightly 
protective and the “R” organisms not at all. Not only was there no 
gross tuberculosis observed in many of the BCG animals, but some 
showed decreasing sensitivity to tuberculin with passage of time despite 
the injection of virulent organisms. 

The incidence of intercurrent infection during and immediately after 
the period of vaccination was definitely greater in the animals receiving 
heat-killed organisms than in the BCG animals and controls. 
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THE ACTION OF SERUM, CELLS AND BLOOD ON 
ACID-FAST BACTERIA IN VITRO! ? 
I. Absence of in vitro Bactericidal Power against Human Tubercle Bacilli 


or Timothy Bacilli in the Serum-Leucocyte Mixtures or the Blood of 
Normal and Immunized Rabbits 


JOHN H. HANKS anp BROCKENBROUGH EVANS 


Early reports on the lysis of tubercle bacilli in the serum of normal 
or immunized animals were shown to be erroneous because of experi- 
mental errors (1, page 529) and were discredited by the infection ex- 
periments of Rémer and Joseph (2), who tested the effect of immune 
serum from relatively resistant animals on small numbers of virulent 
tubercle bacilli. More recently, Kirchner (3) has presented convincing 
evidence of the lack of bactericidal power against human tubercle 
bacilli in normal or tuberculous human sera in vitro. On the other hand, 
a definite decline in the viability of saprophytic acid-fast bacteria in 
serum has been shown by Kling (4) and by Hedvall (5). 

The action of leucocytes has been tested under much less satisfactory 
circumstances, especially in view of the general failure to make sure that 
the bacilli were adequately sensitized or completely ingested. The 
methods employed appear to have been modifications of the early tech- 
nique of Pettersson (cited by Kling) for testing the action of leucocytes 
on anthrax bacilli and other microérganisms. They involved injection 
of tubercle bacilli into the peritoneal cavity of guinea pigs in which 
exudate had been stimulated by aleuronat (6), injection of leucocytes 
into the pleural (7) or into the meningeal cavities (8) subsequent to the 
injection of bacilli, or injection of leucocytes and bacilli after mixing 
these cells in vitro (4, 5, 6). Several defects in these procedures were: 
(a) the use of excessive numbers of bacilli, including clumps (4, 6, 7, 8); 
(6) the mixing of the leucocytes and bacilli in the complete absence of 
serum to provide sensitization of the bacilli (4, 5, 6); (c) the injection of 
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bacilli and leucocytes into fluids to which antibody and complement 
have slight access (8); and (d) the injection of leucocytes from one 
animal species into animals of another (4, 5, 6, 8). Azzi (9) appears to 
have been the only investigator who made certain of the complete 
ingestion of the bacilli by leucocytes prior to testing the fate of the 
bacilli. It is not certain whether the dose of phagocyted bacilli injected 
into the test animals was comparable to the dose received by the con- 
trols, because of possible difficulties in counting the bacilli. 

Improved procedures for the suspension (10) and cultivation (11) of 
acid-fast bacteria have been developed by Corper and associates to the 
point where a few modifications of their technique make it possible to 
enumerate these microérganisms by accepted bacteriological methods 
The in vitro bactericidal power test of Robertson and associates (12), 
used widely in connection with many microérganisms other than acid- 
fast bacteria, provides homogeneous contact of the leucocytes in serum 
or blood with suspensions of bacteria diluted serially to the point of 
growth extinction. In view of such improved methods it seemed de- 
sirable to reéxamine the question of a possible bactericidal action of 
serum-leucocyte mixtures and blood on acid-fast microérganisms, as 
uncertainty on this subject is likely to continue until the fate of small 
numbers of bacilli has been determined under conditions approaching 
those in which bactericidal action might occur in vivo. 

In this paper are presented experiments designed to measure the 
effect of the serum-leucocyte mixtures or blood of resistant or im- 
munized animals. The moderate resistance of rabbits to infection with 
human tubercle bacilli and their marked resistance to timothy bacilli 
suggested this combination as interesting experimental material. The 
chief points investigated were (a) application of Robertson and Sia’s 
method in testing the bactericidal action of normal and immune rabbit 
serum, blood or serum-leucocyte mixtures on acid-fast bacilli, and (6) 
whether any failures of the bacilli to grow after exposure to these systems 
could be explained as an immunological phenomenon related to natural 
or acquired resistance, or by nutritional, chemical or physical conditions 
which influence the results obtained by cultivation methods. 


METHODS 


The typical slow-growing human tubercle bacillus, culture H37, of 
moderate virulence, and the saprophyte, Mycobacterium phlei (timothy 
bacillus), culture #581, were used. The cultures were maintained 


ACTION OF BLOOD AND SERUM ON ACID-FAST BACILLI 607 


during the course of the experiments by serial transfers on Corper and 
Cohn’s egg-yolk-glycerol-water medium (11) at one-month intervals. 
The human type cultures were used when between two and five weeks of 
age, while the timothy bacilli were used after two to six days. 

Since the occurrence of clumps of bacilli appeared capable of deter- 
mining the fate of the bacilli in the leucocytes, suspensions prepared by 
grinding known weights of culture could not be used. The bacilli were 
harvested from the medium and suspended slowly in gelatinized saline 
by means of an electrical grinder as recommended by Corper and Cohn 
(10). This suspension was centrifuged at R.C.F. 500 x gravity for five 
minutes. The supernatant was then filtered (9, 13) through Whatman 
filter paper #5 to remove the clumps which remained (chiefly in the 
surface film) after centrifugation. Neither centrifugation nor filtration 
alone was adequate. Following the application of both centrifugation 
and filtration, repeated examination of the suspensions in hanging drops 
and in stained films revealed only single bacilli. The suspensions were 
adjusted to Nephelometer 0.5 (McFarland) when compared.in a com- 
parator block with freshly prepared barium sulphate standards. Serial 
decimal dilutions were then made in gelatinized saline. 

The gelatinized saline had the following composition: 


NaCl solution 8% 30.0 cc. final conc. NaCl 0.8% 
M/15 NazHPO, 9.0 cc. 
M/15 KH2PO, 1.0 cc. 
Difco gelatin 10% 6.0 cc. final conc. gelatin 0.2% 
Distilled water to make 300.0 cc. 


After sterilization in the autoclave this solution produced a pH of 7.4 
to 7.6. For the preparation of citrated saline, sodium citrate in a final 
concentration of 1 per cent was incorporated prior to sterilization. 

An attempt was made to establish four decimal dilutions of bacilli in 
such a way that the highest dilution would usually produce growth, but 
would provide only a small number of colonies. After difficulty in 
attempting to standardize suspensions by microscopical counts, the 
method described above was shown to be superior. Although all strains 
did not show identical growth limits, it was found that the useful range 
of dilutions in gelatinized saline included x10? to x10°. 

Since, in the preparation of each test, the mixtures were composed of 
0.05 cc. of each of these four decimal dilutions of the bacillary suspensions 
and 0.45 cc. of the immunological system or control solutions, the final 
dilution range was x10* to x10® inclusive. The bacilli were placed in the 
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tubes first and followed by the blood or the suspension of freshly obtained 
leucocytes in 50 per cent or in undiluted serum. When the bacilli were 
soaked in fresh normal or immune serum for twenty-four hours, the 
suspensions of fresh leucocytes were added separately. The leucocytes 
or the blood were never obtained until the set-ups were ready to be 
completed. As soon as the control solutions and test mixtures were 
added, the tubes were stoppered immediately with sterile paraffined 
corks and placed in a rotator which rolled the tubes approximately five 
times per minute. 

The effect of the immunological systems on the bacilli was judged by 
cultivation of both the controls and the test mixtures after rotation at 
37°C. for three to seventy-two (usually twenty-four) hours. Two-tenths 
cubic centimetre was removed from each rotation tube. By means of a 
serological pipette, 0.05 cc. was distributed on each of two slants of the 
solid medium and the remaining 0.1 cc. was discarded. With careful 
attention to the precautions mentioned below,’ satisfactory agreement 
in colony counts in corresponding tubes was obtained. 

The tubes of solid medium were observed for growth at the intervals 
which were found to give the highest colony count for each strain of 
organism and before spreading of the growth began to obliterate the 
individual colonies. The colonies (up to 50) in the individual tubes 
were counted. When there were 20 colonies or less the actual number 
was always recorded. Counts between 20 and 50 colonies were recorded 
exactly or were designated as 1+. Above 50 colonies, the results were 
recorded as 2+. For the preparation of tables, the results in the two 
duplicate tubes were pooled so that the counts from 0.1 cc. inoculum 
are shown as 4+, 2+ and/or the number of colonies. 


3 Seven cubic centimetres of Corper and Cohn’s medium were placed in 3?” x 6” tubes, 
designed for screw caps (E. J. Callahan Co., Baltimore, Maryland). A flat surface of the 
slanted medium was ensured by sterilizing and also incubating the medium in special racks 
which standardized the slope, furnishing about 11 cm.? of surface on which the inoculum was 
distributed evenly. The tubes were stoppered with cotton and the surface fluid was allowed 
to evaporate at room temperature over-night or in the ice box for several days. Great care 
was necessary to provide a surface free of visible moisture and at the same time to prevent 
drying of the medium itself. The permeability of the liners in the screw caps was important. 
Composition cork liners with gelatin binder often shrank and allowed the medium to become 
too dry. Tinfoil or black alkali-paper facings on the liners sealed the tubes so tightly that 
moisture condensed at times on the medium and produced confluent growth. Bakelite- 
bonded composition-cork (Armstrong Cork Products Company, Lancaster, Pennsylvania) 
was found to be the most satisfactory material for the liners. With these sufficient moisture 
escaped to prevent condensation, without undue drying. 
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In the latter part of the investigation, after cultivation from the rota- 
tion tubes, 0.05 cc. of Long’s medium was added. The tubes were then 
resealed and stored in a horizontal position at 37°C., as a further check 
on the fate of the bacilli. The occurrence of growth in the liquids was 
judged by the appearance of visible colonies and by staining. In a 
few of the experiments with M. phlei the results were ascertained entirely 
by means of cultivation in the presence of liquid blood and serum, to 
which Long’s medium was added after a preliminary period of exposure 
of the bacilli. 

The 10 x 75 mm. rotation tubes were prepared as follows. After 
calibration to within 1 mm. of standard diameter, they were arranged 
securely in beakers and boiled in 50 per cent sulphuric acid. After 
removal of the acid, the beakers were placed horizontally in front of a 
spray of water in such a way that continuous spraying and drainage 
took place. The beakers were rotated from time to time and the spray- 
ing was continued until the residual water in individual tubes after 
draining was alkaline to bromthymol blue. The tubes were then rinsed 
in distilled water, drained, dried, plugged and sterilized in the autoclave. 

Peritoneal exudates as a source of leucocytes were induced by the 
injection of 100 cc. of autoclaved mineral oil (interval of four to five 
days), 50 cc. of starch-aleuronat suspension (interval of twenty-four 
hours) or 200 cc. of sterile gelatinized salt solution (interval of two to 
four hours, Hamburger’s method (see 14)). The aleuronat was prepared 
by autoclaving a mixture of 1 g. starch, 1 g. aleuronat and 10 cc. distilled 
water, and then, immediately before use, grinding the suspension to a 
smooth paste in a sterile mortar while diluting to a final volume of 20 cc. 
To recover the cells the rabbits were anaesthetized by the intravenous 
injection of 7 to 10 cc. of 1:10 paraldehyde per kilo and the exudates 
were removed from the peritoneal cavity by Mudd’s method (14) into 
a syringe containing citrated saline, heparinized saline or fresh heparin- 
ized serum or plasma. The cells from the exudates were washed by 
centrifugation one or more times and resuspended immediately in fresh 
serum or plasma, as will be indicated. In order to avoid delay, the 
concentration of the cells used in each experiment was controlled by the 
volume of packed cells in a graduated centrifuge tube and the total and 
differential white cell counts were made after the tests were set up. 

Mature, male rabbits were immunized by weekly intravenous injec- 
tions of heat-killed human tubercle bacilli or by living timothy bacilli. 
When immune sera were used after storage in the ice-box, they were 


a 


610 JOHN H. HANKS AND BROCKENBROUGH EVANS 


always mixed with 50 per cent or more of fresh normal serum to supply 
complement. The presence of antibody was demonstrated by agglutina- 
tion. The rabbits infected with human tubercle received 1 mg. of cul- 
ture H37 intravenously five to eight weeks before their cells were used. 
Microscopical observations on phagocytosis were made only in order 
to obtain accessory information for the interpretation of cultivation 
results. The methods employed have been given elsewhere (24). 


EXPERIMENTAL RESULTS 


A few experiments were done by the microscopical method in order 
to compare the phagocytability of cultures of varying virulence. The 
human type cultures were the H37 strain and the R1 strain of low 
virulence; bovine type cultures were the #523 of moderate virulence 
and the “Smith” strain which is low in virulence. Also, cells of the 
H37 culture were compared for their susceptibility to phagocytosis 
when used from the original suspension and after two washings in saline. 
For washing by centrifugation, the suspensions were adjusted with 
acid to their iso-electric pH range and the sediment was neutralized with 
N/10 sodium hydroxide in the presence of one drop of bromthymol blue 
before being diluted again to the original turbidity. The serum-leu- 
cocyte mixtures employed were made from fresh rabbit serum and 
“mononuclear” exudates. Counts were restricted to the mononuclear 
phagocytic cells alone. These experiments failed to reveal any measur- 
able difference between the human and bovine cultures or significant 
effects of virulence or soluble products on the process of phagocytosis. 
The microscopical results with the H37 suspensions, when rotated in 
fresh serum, and leucocyte suspensions from exudates which contained 
approximately equal numbers of polymorphonuclear and mononuclear 
leucocytes confirmed the conclusions of Lucké and associates (15) that 
the two cell types ingest with comparable avidity. 

In these experiments, as well as in those involving the use of specific 
antiserum (table 1), microscopical observations revealed no evidence of 
intraphagocytic destruction of the bacilli in mononuclear phagocytes, 
as claimed by Clawson (16). Other investigators (15, 17, 18), who have 
done comparable experiments, have failed to record evidence of intra- 
phagocytic digestion in the time limits imposed by such experiments. 

The general results of experiments to determine the fate of sensitized 
human tubercle bacilli in leucocytes by cultivation methods may be 
stated briefly. From the first it was noted-that neither serum, plasma 
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nor serum-leucocyte mixtures gave clear-cut evidence of lowering the 
viability. Accordingly, there arose the question of whether the serum- 
leucocyte mixtures were faulty because of the conditions under which 
the exudative cells were obtained and handled. In the further experi- 
ments with serum-leucocyte mixtures means were sought to increase 
the sensitization of the bacilli and especially to minimize the damage to 
which the leucocytes might be subjected. 


TABLE 1 


Summarizing the number of experiments and the conditions under which the bactericidal action 
of exudative cells was tested against human tubercle bacilli 


BACILLI SENSITIZED BY: ROTATION IN PRESENCE OF CELLS: 


Usual rotation® | 24-hr. suspension** 
in in 


Obtained from "3S" Washed or suspended int 


Normal |Immune| Normal | Immune 
serum | serum | serum serum 


2 Normal rab- poly (al) citrated saline 
bits poly (H) citrated saline 
poly (H) heparinized serum 
mono (ol) citrated saline 


Immunized poly (al) citrated saline 
rabbits poly (al) heparinized serum 
(H37) poly (H) heparinized serum 

mono (ol) citrated saline 


Infected poly (H) heparinized serum 
2 rabbits mono (ol) citrated saline 


* Bacilli sensitized in normal or immune serum during the rotation period in the presence 
of leucocytes from sources indicated. 

** Bacilli soaked in normal or immune serum for twenty-four hours before being mixed 
by rotation with leucocytes freshly obtained from sources indicated. 

{ Each exudate is characterized by the predominating type of cell. Stimulants for 
exudates: aleuronat (al), Hamburger’s method (H), mineral oil for 5 days (ol). 

t Washed once in citrated gelatinized saline, and washed in regular gelatinized saline 
before being suspended in serum; removed and suspended directly in heparinized serum or 
plasma. 


No method was found superior to the use of sterile mineral oil for 
obtaining a high proportion of mononuclear leucocytes. Hotopp and 
Kahn’s criticism of oil exudates (19) is inapplicable to this technique; 
their observations were based on actual mixtures of oil and bacilli in the 
presence of leucocytes, which interfered with the growth of tubercle 
bacilli through the action of the oil itself. In this investigation no oil 


1 
1 | 
2 
1 
2 2 i 
2 2 
1 
3 3 | i 


612 JOHN H. HANKS AND BROCKENBROUGH EVANS 


droplets could be demonstrated in or among the washed phagocytes. 
The cells were motile and engulfed tubercle bacilli with the same general 
avidity as those from other types of exudates. Any objection to these 
cells is not that they inhibited the growth of tubercle bacilli but rather 
that they permitted the growth of the bacilli under all circumstances 
tried, even after the bacilli had been soaked in immune serum for twenty- 
four hours before rotation with fresh leucocytes. 

Collection of polymorphonuclear leucocytes was finally accomplished 
by a method felt to be free from objection. The leucocytes obtained 
within a few hours after the intraperitoneal injection of saline presumably 
come from the blood-stream itself (20). These were removed in fresh 
heparinized serum or plasma contained in the aspirating syringe and 
were used without further manipulation. Leucocytes removed and 
handled in this way produced usually no significant reduction in colony 
count when rotated with bacilli which were sensitized with normal serum, 
immune serum, or with the serum of rabbits which were recovering from 
infection with human type bacilli. 

Table 1 gives a picture of the experimental conditions under which 
serum-leucocyte mixtures were tested against the human tubercle bacilli. 
The conditions are summarized as regards the way in which the bacilli 
were sensitized, the type of cell predominating in each exudate and the 
method of washing and suspending the cells. The figures in the columns 
indicate the number of experiments carried out under each combination 
of conditions. The controls (not shown in the table) consisted of saline 
alone, serum alone and the phagocytic cells alone. Although not all 
possible serum-leucocyte combinations were investigated, it is believed 
that sufficient conditions were included to secure evidence of bactericidal 
action had it occurred. Since the serum-leucocyte mixtures caused no 
significant or consistent reduction in viability, detailed protocols for the 
experiments in table 1 are not included. 

Among these experiments, there were exceptional instances of apparent 
reduction of viability in the presence of serum and leucocytes. Two 
examples are given in table 2 in order to illustrate the fact that such 
results may be obtained by cultivation on a solid medium, but do not 
prove an actual reduction of viability of the bacilli. These two experi- 
ments involved: (a) immediate cultivation from saline control tubes, 
(6) cultivation from plasma tubes, (c) cultivation of mixtures containing 
leucocytes in saline instead of plasma, (d) cultivation from the plasma- 
leucocyte mixtures (the test), and (e) prolonged incubation of the rota- 
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tion tubes which were resealed and incubated for an additional fifty-one 
days. The cultivations on solid medium indicated no reduction of 
viability in plasma or leucocyte suspensions alone. The plasma-leuco- 


cyte mixtures cultivated on solid medium were negative in at least one 
dilution known to be positive and in the next lower dilution produced 
less than 10 per cent of the colonies to be anticipated. However, after 
the addition of Long’s medium to the rotation tubes containing these 
plasma-leucocyte mixtures and further incubation, all dilutions were 
positive for growth, indicating that the bacilli had not been killed. 


TABLE 2 
To dispose of occasional evidence that the tubercle bacilli were killed by plasma-leucocyte mixtures 


GROWTH OF COLONIES AFTER EXPOSURE TO: GROWTH IN 


EXPERI- 
MENT 
NUMBER 


DILUTION 


IMMEDI- 
ATE 
SALINE 
CONTROL 


Fresh 
plasma, 


Fresh 
plasma, 


Polys 
(H) 
and 


Average of 


and fresh 


PER CENT OF 
THE BACILLI 
GROWING 
FROM 
PLASMA AND 


PLASMA- 
LEUCOCYTE 


AFTER 51 DAYS 


STORAGE OF 


ROTATION 
TUBES 


4 controls 


3 brs. | 72 hrs. plasma, 


3 hrs. 


saline, LEUCOCYTES 


3 hrs. 


x10° 4+ 2+); 4+) 2+ 12 
x10 | 32 26 34 16 ‘ 2 
x105 2 0 
x10 0 0 0 


Positive 
Positive 
Positive 
Positive 


Positive 
Positive 
Positive 
Positive 


x10 4+; 4+ 2+ 
2+) 2+ 8 
x10® 11 13 0 


1 1 A 0 


9.4 
0.0 


Each result from solid medium indicates the growth from two tubes with 0.05 cc. inocu- 
lum (total 0.1 cc.); the results in the rotation tubes (resealed after inoculation of solid medium 
and addition of Long’s) are based on 0.3 cc. 

* 85.0 e is estimated; the propriety of such estimates is shown in the following paper. 

** Exudate stimulated by Hamburger’s method, removed directly in fresh heparinized 
plasma; control portion was washed and resuspended in gelatinized saline. 


The saline controls employed in each experiment furnished the observa- 
tion that viability declined more rapidly during twenty-four hours in 
buffered gelatinized saline than in normal or immune serum. The pro- 
tective action of serum and leucocytes is illustrated in table 3, which 
was prepared by pooling and averaging the results from the eight experi- 
ments in which the bacilli were soaked in immune serum for twenty-four 
hours prior to adding the leucocytes. The viability remained approxi- 
mately twice as high in the serum as in the saline. 

In summary, the preceding experiments failed to indicate that small 


ea, 
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numbers of human tubercle bacilli were killed during rotation in serum- 
leucocyte mixtures of a so-called resistant animal species, even after 
infection or immunization. 

Since timothy bacilli may be injected into rabbits in large quantities 
without inducing a generalized infection, and since they can also be 
cultivated readily from rabbit’s blood on solid medium, the fate of this 
organism in the blood and serum of normal and immunized rabbits was 
investigated. 

The first experiments consisted in measurements of the action of normal 
rabbit blood and serum on the viability of this organism. The graded 
dilutions of bacilli were cultivated on solid medium from saline, serum 
or blood at the outset, and from blood and serum following twenty-four 
hours of rotation. Table 4 presents the results and the average colony 
counts of seven experiments. The bloods and sera were obtained from 


TABLE 3 


Comparison of the colony counts after sensitization in serum or saline for twenty-four hours and 
subsequent rotation in the presence of leucocytes or saline 


AVERAGE COLONY COUNT IN 0.1 CC. POOLED SAMPLES* 


Bacilli soaked in serum and rotated in: Bacilli soaked in saline and rotated in: 


Leucocytes Saline Leucocytes Saline 


10 9.5 4.8 3.8 


* From the x10° dilution of bacilli. 


8 rabbits, 4 of which were used in repeated trials so that 19 tests of the 
effect of rabbit bloods were obtained; the sera were always tested as 
pooled samples from all the rabbits in each experiment. It may be seen 
that higher colony counts resulted in immediate cultivations from serum 
or blood than from saline, while rotation for twenty-four hours caused a 
slight reduction in colony count in blood and a greater reduction in serum. 

In two of these experiments the tubes of blood inoculated with timothy 
bacilli were centrifuged to throw down the cells after rotation for three 
hours and the supernatant fluids were cultivated. Since-the colony 
counts in the supernatant serum were not decreased by this procedure, it 
appeared that phagocytosis did not occur in the blood of normal rabbits. 

In order to increase the sensitization and phagocytosis of the bacilli, 
the 4 rabbits which had been tested most frequently were immunized. 
The action of their blood on timothy bacilli was tested several times 
during three separate courses of immunization covering a period of 


NUMBER OF 
EXPERIMENTS 
8 
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approximately one year. One milligram of living bacilli was injected 
intravenously for each dose. From three to seven weekly doses were 


TABLE 4 


Colony counts of timothy bacilli in immediate cultivation from saline, serum and blood compared 
with counts after rotation in serum and blood 


IMMEDIATE CULTIVATION 24-HOUR CULTIVATION 
EXPERIMENT 


NUMBER DILUTION 


Saline Bloods Bloods 


34 x10° 13 9 8 14 7 


35 x10° 13 21 27 12 36 


36 x10° 6 11 


37 x10° 23 


Average Colonies: 
Group A*—34, 35, 36.. 
Group B—34, 35, 36, 
9.3 
Group C—34, 35, 36, 
37, 38, 39, 50 . 6.3 


Each value is based on the results in duplicate tubes inoculated from the x10® dilution. 
There are two levels of viability because 0.1 cc. of inoculum was placed on each egg slant in 
the first four experiments; in the last three experiments each tube received 0.05 cc. of inocu- 
lum according to the standard method. 

* Experiments were grouped in order to compare immediate cultivations on the basis of 
the controls involved in the respective experiments. 


3 37 
5 
20 
1 
38 x10° 8 6 6 5 
11 
13 
39 x10° 3 0 2 
0 
6 
0 
50 x106 | 7 4 3 
6 5 
3 
9 3 
14.7 
11.4 
8.7 
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administered in each course. Formalinized suspensions of bacilli, which 
were used as antigens in agglutination tests during and following the first 
two courses of immunization, failed to detect antibody production. 
After the third course of immunization, both formalinized and living 
suspensions were tried. The results showed that the agglutinin titres 
of all the sera were 1:80 or above with the live suspensions, and that the 
formalinized antigens would not agglutinate. 

Table 5 shows the results obtained by cultivating M. phlei on solid 
medium, after rotation in normal or immune rabbit sera and bloods for 
twenty-four hours. This experiment was carried out during the latter 
part of the third course of immunization. It may be seen that the high- 
est dilution (x10*) was not sterilized by the immune bloods. 

Since the numbers of colonies cultivated from normal and immune 
serum or from normal and immune blood were comparable, it is apparent 


TABLE 5 
Failure to demonstrate bactericidal power in the blood of rabbits immunized against M. phlei 


SERUM AND BLOODS TESTED: 


CONTROL: 
IMMEDIATE 

Pooled Pooled Normal bloods Immune bloods 

normal immune 

serum serum #1 #231 #245 


10 18 13 9 1 1 3 


Note failure to sterilize a dilution (x10*°) which on the average produced 10 colonies per 
0.1 cc. inoculum. Each value was obtained by pooling the colony counts from duplicate 
tubes. 


that neither agglutination in the immune sera nor ingestion of several 
bacilli by individual leucocytes occurred to a measurable degree. 

Table 6 shows the results from another experiment with the immunized 
rabbits. In this case, the original viability of the suspensions was 
judged by immediate cultivations on solid medium from saline and blood 
and by immediate cultivation in a favorable liquid medium, while the 
effect of the immune bloods was determined entirely from the results in 
the rotation tubes.‘ 

It may be noted that normal blood, immune blood, and normal blood 
containing 10 per cent immune serum again failed to sterilize the highest 
dilution of viable bacilli. 

‘ Long’s medium was added to each tube after twenty-four hours’ rotation and incubation 
was continued. From the positive and negative results in each dilution of each series of 
tubes, the dilutions giving 50 per cent positive results were calculated by the method of Reed 


and Muench (21). These dilutions were then compared on a percentage basis against the 
results obtained in the immediate inoculation of blood on solid medium. 


# 250 
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The blood of one of the immunized rabbits, #231, permitted a poorer 
recovery of the bacilli than the bloods of the others. However, this 
rabbit was known to produce such results before immunization. It may 
be noted that, during the course of immunization, each rabbit had suc- 
cessfully disposed of 15mg. moist weight of living timothy bacilli. 
Thus, although the rabbits were solidly resistant to infection with M. 
phlei, no significant bactericidal power was demonstrable in their bloods 
in vitro, either before or after immunization. 


TABLE 6 
Further tests on the bactericidal power of blood of immunized rabbits against M. phlei 


IMMEDIATE CULTIVATION ON 
GLYCEROL WATER EGG PER CENT OF THE BACILLI WHICH GREW AFTER ROTATION FOR 24 HOURS IN: 
YOLK MEDIUM FROM: 


Normal 
Blood Normal Immune Normal blood and Immune 10% RBC 


and 
serum serum blood ee blood 10% Long’s 


97% 100% 23% 26% 19% 19% | 21% 132% 
The following number of tubes was inoculated in each of the dilutions x105, x10® and x10’: 


Saline 


Control Media 
(a) Egg yolk inoculated immediately from saline 
(b) Egg yolk inoculated immediately from blood 
(c) 10% red blood cell extract and 10% Long’s medium 


Bloods and Sera: from each rabbit 5 tubes per dilution 
(a) Normal serum, 2 rabbits 
(b) Immune serum, 4 rabbits 
(c) Normal blood, 2 rabbits 
(d) Normal blood and 10% immune serum, 2 rabbits 
(e) Immune blood, 4 rabbits 


DISCUSSION 


In the experiments designed to detect if possible an in vitro bactericidal 
power against human tubercle bacilli, it was necessary to employ serum- 
leucocyte mixtures because blood itself, apart from any possible im- 
munological action, interfered with cultivation. The bacilli were sensi- 
tized with immune serum by several methods and the cells were handled 
in a way designed to favor their protection. Lurie (22) has demonstrated 
the greater activity of mononuclear cells from infected animals; these 
were used. In those cases where viability reduction was observed, as 
judged by colony counts on solid medium, positive growth in the rotation 
tubes revealed that the bacilli had not been killed. 

The bactericidal action of blood was investigated against M. phlei, 


Tubes 
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to which rabbits are more solidly resistant, and which can be cultivated 
from blood on solid medium. No clear-cut bactericidal power, such as 
consistent sterilization of at least one positive dilution, was demonstrable 
in the blood of normal or immunized rabbits. 

A less significant, but definitely measurable, reduction in colony count 
after twenty-four-hour contact with blood and especially with serum 
has been pointed out. This result could not be attributed to the action 
of antibody, complement or phagocytosis. Similar observations were 
reported earlier by Kling (4) and by Hedvall (5). Their conclusion 
that this phenomenon is due to bactericidal properties in the serum 
requires further investigation. Mackie and Finkelstein (23), who used 
the sterilization of at least one positive dilution (1 tube) as a measure of 
serum action on M. phlei and smegmatis, reported no bactericidal effects 
on these organisms. 

The human tubercle bacilli did not survive because they escaped 
ingestion, nor was the reduced count of timothy bacilli due to agglutina- 
tion. An investigation of the quantitative aspects of phagocytosis of 
tubercle bacilli in the presence of normal rabbit serum (24) indicated 
that the small numbers of bacilli in the highest dilutions of cultivation 
experiments should be completely engulfed. For example, with the 
large numbers of bacilli required for microscopical counting, reduction 
of bacteriai numbers from 4 bacilli to 1 bacillus per leucocyte doubled 
the percentage of the bacilli ingested, while further reduction to 0.4 
bacilli per leucocyte caused a further and sharper increase in the per- 
centage of the bacilli captured. Similar data obtained by Ledingham 
(25) in connection with typhoid bacilli showed the same increased com- 
pleteness of ingestion when bacterial numbers were reduced. Since 
there were from 10,000 to 450,000 leucocytes per viable bacillus in the 
higher dilutions used in the present study and since the suspensions were 
free from clumps, it is extremely probable that every bacillus was en- 
gulfed even in normal serum and that a given leucocyte could rarely if 
ever have engulfed more than one bacillus. Miles and Misra (26) have 
commented recently on the low statistical probability that a given leuco- 
cyte might capture more than one staphylococcus when there are 1,000 
leucocytes to each organism. It has been shown that the reduction of 
colony count of timothy bacilli was no greater in the presence of antibody 
than in the presence of normal serum (see also Miles and Misra). 

During a twenty-four-hour period of exposure, serum or leucocyte 
suspensions had a less detrimental effect than the buffered gelatinized 
saline on the human tubercle bacilli. In the case of timothy bacilli, 
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immediate cultivations on solid medium also suggested a more unfavor- 
able effect from saline than from blood or serum. Since it is known that 
the viability in liquid serum or blood fell during twenty-four hours, it 
must be assumed that the difference in colony counts between saline 
and serum or blood was not due to the growth in blood or serum, but to 
a more rapid dying in the saline placed on the solid medium. 


SUMMARY 


By the application of a standard immunological bactericidal power 
test, it was not possible to show that serum-leucocyte mixtures from 
normal, infected or immunized rabbits possessed a bactericidal action on 
human tubercle bacilli. Likewise, the blood of normal or immunized 
rabbits was incapable of sterilizing the most dilute suspensions of sapro- 
phytic timothy bacilli. 
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THE ACTION OF SERUM, CELLS AND BLOOD ON 
ACID-FAST BACTERIA IN VITRO! ? 
II. Failure to Demonstrate Bactericidal Power in Various Bloods. The Relative 


Advantages of a Solid Medium and of Liquid Blood in Demonstrating the 
Viability of Bacilli in Blood 


JOHN H. HANKS anp BROCKENBROUGH EVANS 


The difficulty of cultivating tubercle bacilli from blood on solid media 
has been attributed to: oxygen competition on the part of haemoglobin 
(1), the development of toxic autolytic products from blood (2), a situa- 
tion in which the bacilli are prevented from gaining access not only to 
the oxygen in the atmosphere but to nutrient material in the medium 
(3, page 89), and to the action of leucocytes on the bacilli (4). 

In the preceding investigation it was not possible to detect any bacteri- 
cidal action of rabbit serum-leucocyte mixtures on human tubercle 
bacilli or of rabbit blood on timothy bacilli. In a few cases where the 
results on solid media suggested bactericidal action, the bacilli were 
shown to be viable by the use of liquid media. 

Further investigation of the action of the blood and plasma of several 
animal species on human, bovine and avian tubercle bacilli has been 
carried out. This work was stimulated in part by a desire to measure 
the effect on tubercle bacilli of heparinized blood, a situation in which 
the polymorphonuclear leucocytes were subjected to even less manipula- 
tion than in the preceding experiments, and in part by the possibility 
that the difficulty of recovering tubercle bacilli from blood might be 
related in some measure to the natural resistance of certain animal 
species. It was impossible to carry out such experiments without 
becoming involved in the general question of the cultivation of tubercle 
bacilli from blood. 

In a comprehensive monograph on tuberculous bacillaemia, Wilson 
(3), reviewed to 1933 the literature on the demonstration of tubercle 
bacilli in blood. Aside from mentioning the work of Bingold, and of 


1From the Department of Bacteriology, Hygiene and Preventive Medicine, School of 
Medicine, The George Washington University, Washington, D. C. 
2 A Codperative Project with the United States Public Health Service. 
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Dreyer and Vollum, this review does not go into the question of the growth 
of tubercle bacilli in liquid substrates containing blood. At just about 
that time, Kirchner and Li (5) showed that the cultivation in the presence 
of liquid blood offered definite advantages* over the direct inoculation 
of blood on solid medium. They also showed that the amount of blood 
placed on unit area of medium was one of the factors which interfered 
with the direct cultivation. 

In commenting on the Loewenstein method, Wilson stated, “Whether 
it is superior to direct inoculation of the medium with untreated blood 
is open to doubt.” Since the limitations of solid media for this purpose 
may not be generally recognized, it is desired in this paper to indicate 
the extent to which small amounts of blood (1 cc. per 220 cm.? of area) 
interfere with the growth of tubercle bacilli on a solid medium under 
specified conditions; to show that the degree of inhibition is not related 
to the natural resistance of the animal sources of blood, nor attributable 
to the effect of leucocytes; and to demonstrate the superior growth in 
liquid blood, even under conditions which are not regarded as ideal. 


METHODS 


The group of acid-fast bacteria employed were cultures of known type 


and virulence. The type of bacilli, designation of the strains and source 
of the cultures are indicated below. 


(a) Human type—H37 S (smooth) . Kenneth Smithburn 1937 
(b) Bovine type—B39 . Smithburn 1937 
Bovine type—R.S. (Ravenel smooth) . Max Lurie 1937 
(c) Avian type—TS . Smithburn 1937 
Avian type— # A12 . Lurie 1937 
Avian type— # A26 . Lurie 1937 
(d) M. phlei #581 . Wm. Charles White 1932 


The bloods were obtained by cardiac or venipuncture. Coagulation 
was prevented by emptying the syringes into a syrupy solution of 
heparin which provided 3 mg. of anticoagulant per cubic centimetre of 
blood. The bacilli were subjected to thorough mixing in the bloods for 
periods of three to seventy-two (usually twenty-four) hours before 
cultivation. The bloods were not obtained until the diluted bacillary 
suspensions had been placed in the small rotation tubes and the entire 
set-up was ready to be completed. Methods for the preparation of the 


8 This has been confirmed by a number of investigators, including ourselves (6). The 
subject of cultivation in blood and serum will be reviewed in a subsequent paper. 
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medium, suspensions and dilutions, and for the observation and counting 
of colonies, were given in the preceding paper. As before, for the 
preparation of tables, the results on solid medium were expressed as the 
number of colonies or degree of growth from 0.1 cc. of the dilutions 
indicated. This figure was obtained by adding the colonies in two 
duplicate tubes of medium, each of which had received 0.05 cc. of 
inoculum. This amount of blood was the smallest amount which could 
be measured and spread on the 11 cm.? of medium surface with reasonable 
convenience and accuracy. 

In some experiments 0.05 cc. of Long’s medium was added to the 
liquid bloods and to the pooled plasma after inoculation of solid medium. 
These tubes were resealed and incubated in a horizontal position as an 
additional check on the viability of the bacilli. The results in these 
tubes were recorded as positive or negative usually after three months. 
Positiveness was judged by visible growth checked by staining or, in a 
few instances, by the microscopical demonstration of portions of acid-fast 
colonies which are characteristic of growing mycobacteria. A bright 
red color change (to be described later) in the tubes containing blood 
was sometimes helpful in the detection of positive growth. 

For the purpose of comparing the results in solid and liquid medium, 
the growth on solid medium from 0.1 cc. pooled samples was also re- 
corded as positive or negative without regard to colony counts. A 
comparison of the percentages of the bacilli which grew was made as 
follows: The dilutions used were recorded in the tables in inverse order, 
that is, x10° on the left and x10* on the right. For example, in a given 
test with four dilutions positive, the result (xx x x) was regarded as 
1,111. Since the dilutions used actually started at x10*, this score was 
in reality 1,111,000. Positiveness in three dilutions (—xxx) was 
regarded as 111, actually 111,000. After addition of these individual 
scores in a series of tests and dividing by the number of tests, an average 
score was produced. Since the greatest weight was given to the highest 
dilution reached in each test and these highest dilutions were averaged, 
the final scores (weighted AHDR)‘ approximated the average highest 


* This method differs from an actual calculation of the average highest dilution reached in 
that all dilutions were considered in order to allow for skips or negative tubes in a series. Its 
suitability was checked by applying it to experiments in which the results had first been 
compiled by the Reed and Muench method of determining the end-points of 50 per cent posi- 
tiveness (7). The logs of the AHDR values were slightly lower (as they should be) and the 
two estimates ran in parallel. 
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dilution reached. By regarding the AHDR from immediate cultivation 
of the inoculum as 100 per cent, the percentages of bacilli which grew 
under different experimental conditions could be compared. 


EXPERIMENTAL RESULTS 


The results of counting the colonies of tubercle bacilli on solid medium 
following rotation in blood showed only a slight effect on the viability 
of M. phlei but suggested the sterilization of one or two dilutions of 
human or bovine bacilli and approximately one dilution of avian, as 
well as a considerable reduction in the viability of the lower dilutions. 
This occurred in spite of the small amount of blood placed on each tube 
of medium. Inasmuch as several experiments were carried out with 
each type of tubercle bacillus against the bloods from groups of rabbits, 
it became of interest to determine the average extent to which growth 
on solid medium was inhibited. 

Since a countable number of colonies did not occur in the corresponding 
dilutions of the viability controls (saline and plasma) and in the tubes 
inoculated with blood, it was necessary to estimate the approximate 
number of viable bacilli in the x10‘ dilution of the controls in order to 
make comparisons. However, inspection of the results did not show 
that it was safe to assume the colony counts in a given dilution to be 
ten times higher or lower than those in adjacent dilutions. In table 1, 
the number of colonies from a given dilution of human and of bovine 
type suspensions are set up in respective columns, while the counts in 
the next higher dilution are also given in corresponding columns. These 
comparisons were selected without regard to the actual dilutions in- 
volved, as a test of the probable effect of dilution per se on the counts. 
It may be seen that the lower dilutions contained 11.8 and 9.4 times as 
many colonies as the next higher dilution. Tables 3 and 4 also show 
that the colony counts in the controls, when restricted to the actual 
dilutions, have an approximate x10 relationship between successive 
dilutions. Accordingly, the approximate number of viable bacilli in 
the x10‘ dilution of the controls in each case has been estimated from the 
next higher dilution. 

Table 2 presents the results of ten experiments in which the human 
strain, H37 S, was cultivated after rotation in normal rabbit blood for 
(usually) twenty-four hours. Thirty-eight individual rabbits furnished 
81 complete tests with blood, because of repeated trials or the use of 
several experimental conditions with the blood of certain rabbits. By 
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comparison with the viability controls of each experiment, the colony 
counts from blood were erratic and usually lower. Because of the 
variable results in cultivations from blood, it appeared more useful to 
summarize and average the results from the entire series of tests rather 


TABLE 1 
The general effect of dilution on colony counts in adjacent dilutions 


FROM VIABILITY CONTROLS OF BOVINE TYPE 


FROM VIABILITY CONTROLS OF HUMAN TYPE 
(R.S. & B39) SUSPENSIONS 


(H37 S) SUSPENSIONS 


Experiment Dilution* Dilution 


Dilution* Dilution 
number A. xi0 


Experiment number A. A. x10 


46 73 
51 7 
5 
53 47 
42 
54 26 
20 
55 39 
59 43 
26 
60 11 

9 

4 
16 


40 33 
40 
41 39 
47 26 
23 
49 25 
31 

6 
53 35 
23 
54 19 
16 
55 20 
38 
56 30 


SOF OF CO 


57 


PNP WHF OAA NHN KH POND 


on 


368 


40 


Averages 


26.3 


2.9 


Ratios 


11.8 


1 


9.4 


1 


* Dilutions selected at random, merely to permit comparisons with results in the next 
higher dilution. 


than to attempt the selection of a typical protocol. 


Similar detailed 


tables (not included) were prepared before analyzing the results with 
bovine and avian bacilli. 
In table 3, the results with human tubercle bacilli are summarized 


21 
|_| 32 
26 
34 
58 82 
11 
13 
623 |_| | | |_| 
28.3 2.4 |_| 
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TABLE 2 


Summarized data from ten experiments in which human tubercle bacilli (H37 S) were cultivated 
on solid medium after rotation in rabbit blood 


TOTALS 


COLONIES FROM BLOODS PER EXPERI- 


COLONIES FROM (NUMBER IN EACH EXPERIMENT) 


Immediate 
control 


| EXPERIMENT NUMBER 


| eco 


| 


oo om ooo o 


oorn oo ooo oor 


| coool oons 


MENT 
Rotated | 
control So 
4 8 9 | 10 
| 4+ 4+ 1/8 |5 10 |10 68 
2+ 2+ ols lo |o | 4 9 | 24 
33 40 |o |o |o Jo Jo 0 
1 |o |o |o |o Jo Jo 0 
41 4+ 13 | 24+] 2+] 2+] 24+] 24+] 24+] 24+] 2+ 2+ 
2+ 0/10 |26 \24 |8 |5 |26 |10 9 
39 |/1 jo 14 ]1 13 
2 0/1 1/0 |2 | 4 
| 
11/0 |o |o jo Jo | 0; Of 3 
| O|lo |o |o |o |o |o | 0] 0 0 
0 | 3] |o jo jo |o 0] 0 0 
49 
31 |17 4| 0 
2161/14 010 /0 0 
53 4+| 4+ 0/2 /1 61 
4+| 4+ 010 |3 9 | 13 
35 |23 010 2 
212 0/0 |0 0 
54 4+| 44 010 0 2 
19 |16 0 10| 0 
1/0 010 0 0 
010/10 0 0 
55 4+| 4+ 415 4 61 
4+| 4+ 2/0 |0 0 10| 4 
20 |38 010 0 0 
6 010 10 0 0 
56 4+| 4+ 21 |21 135 | 141 
4+| 4+ 4/1 |3 6 | 19 
21 |30 0/2 /0 2 
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TABLE 2—Concluded 


TOTALS 
COLONIES FROM BLOODS PER EXPERI- 


COLONIES FROM (NUMBER IN EACH EXPERIMENT) aaa 


Immediate} Rotated 
control 


E 
a 


| EXPERIMENT NUMBER 


Each value was obtained by pooling the results of the two 0.05 cc. inoculations. There 
were four dilutions of bacilli (x10* = top rows and x10* = bottom rows). In experiments 
47 and 49, the dilutions were x10‘ to x10’; the x10’ was always negative and is not shown. 

Control solutions—rabbit plasma and gelatinized saline. Immediate controls and rotated 
controls indicate whether the cultivations were made at the beginning or the end of the 


rotation period. 
Bloods—data are based on 38 rabbits. Repeated trials or testing several experimental 
conditions with the blood of certain rabbits brought the number of samples of blood tested 


to 81. 


and averaged. The figures in the table are the sums of the colonies 
which grew in each dilution of control or blood in each experiment shown 
in table 2. The total number of colonies in the controls (saline and 
plasma) is based on 22 0.1 cc. pooled samples in each dilution, and those 
in blood depend on 81 pooled samples in each dilution. The calculations 
in the bottom portion of the table indicate that 1.3 per cent of the bacilli 
in blood produced colonies on solid medium. 

In table 4 are summarized in a similar manner the experiments with 
the bovine strains R.S. and B39. The detailed table corresponding 
to table 2 for the human strains is omitted. The averages for the 
number of colonies in the controls (saline and plasma) are based on 15 
pooled samples in each dilution, while those for the bloods (from 40 
rabbits) represent 79 pooled samples for each dilution. The calcula- 
tions at the bottom of the table indicate that 3.0 per cent of the bovine 
tubercle bacilli placed in blood grew on the solid medium. 

The results of a smaller series of experiments with avian bacilli are 


626 
Sy 
2 3 4 5 6 7 8 11 EE 
a = 3 a 32 38 
2+/| 4+) 2+ 0/0 0 1 0 0 1 
26 |32 (|34 0/;0 0 0 0 0 6 0 
413 12 0;0 {0 0 
0;0/0 0;0 |0 |0 0 
58 | 4+) 2+) 4+ 0;0 {0 3 
2+/|82 2+ 0; 0 0 0 0 0 0 7 0 
11 | 4 {13 0'0 ;0!0 /0 0 
0 0 |o Jo jo 0 0 
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summarized in table 5. The values are based on the bloods of 18 rabbits 
in two experiments. The calculations indicate that about 17 per cent 
of the avian bacilli were recovered. 

In summary, only 1.3 per cent of the human, 3 per cent of the bovine, 
and 17 per cent of the avian tubercle bacilli placed in normal rabbit 
blood were demonstrated by direct cultivation on the solid medium. 

Suspensions of the human type bacilli (one strain), bovine type (three 
strains), and avian type (four strains) were also rotated in fresh de- 


TABLE 3 


Human type tubercle bacillus (H37 S): Percentage of colonies which grew after inoculation of 
blood on solid medium 


NUMBER COLONIES*® IN CONTROLS COLONIES* FROM BLOODS 
OF 
CONTROLS 


EXPERIMENT 
NUMBER 


x105 


KK OO 


NF PDH WN 


OwWNNN DN WS DH LO 


ONC OW 
ooocoooccr 


wW 
w 
co 


22 


163t 1.5 


Average per cent of colonies growing in presence of blood 
(based on x10¢ dilution) 1.3% 


* Total colonies in each dilution of each experiment (from table 2). 
+ Estimated from the number of colonies in the x10 dilution. 


fibrinated blood of rabbits, guinea pigs, humans, chickens and dogs. 
Since not all cultures and animal species were tested at the same time, 
table 6 has been arranged to show the number of occasions on which each 
culture was rotated in the blood of each animal and then cultivated 
on the solid medium, with controls involving serum or gelatinized saline. 

A brief summary of the results is possible in the light of the fore- 
going tabulations for rabbit blood. Again, the human and bovine 
cultures as a group produced fewer colonies than the avian cultures, by 


40 dee 73 
41 2+ 39 ; 
47 5+ 30 7 
49 73 12 
53 ; 8+ 58 z 
54 | 35 1 
55 8+ 58 bi 
56 8+ 51 
57 58 9 
58 6+ 28 
? 359 
Average colonies/0.1 
2.24 0.21 
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comparison with their respective viability controls. With this grouping 
of the cultures established, it may be pointed out that the results in 
rabbit, human and chicken blood were comparable, while those in 
guinea pig and dog blood showed even fewer colonies. It is quite ap- 
parent that the results demonstrated no relationship between the re- 
sistance of a given animal species and the number of colonies which 
could be cultivated from its blood on solid medium. 

Several observations indicated that the apparent reduction in viability 
was not due to an immunological mechanism such as collection or killing 


TABLE 4 


Bovine type tubercle bacilli (strains R.S. and B39): Percentage of colonies which grew after 
inoculation of blood on solid medium 


COLONIES* IN CONTROLS COLONIES* FROM BLOODS 
EXPERIMENT 


NUMBER 


CONTROLS BLOODS 


il 
10 

9 
10 
10 

9 
10 
10 


or woocan o 
CO 
ooooconoco 


NS 


Totals 15 79 


Average colonies/0.1cc.} 155f 1.4 4.7 


Average per cent of colonies growing in presence of blood 
(based on x10‘ dilution) 3.0% 


* Total colonies in each dilution of each experiment (summarized from a table for bovine 
bacilli, similar to table 2). 
t Estimated from the number of colonies in the x10® dilution. 


by leucocytes. For example, similar results were obtained by immediate 
cultivation from the blood mixtures, by centrifugation of the blood and 
resuspension of the cellular elements in inactivated serum or in saline, 
by the use of “‘deleucocyted”’ blood (8), or by the use of blood which 
had been stored in the refrigerator for twelve days. 

Since the isolation of saprophytic acid-fast bacteria from human or 
animal bloods has been reported by a number of workers, it may be 
pointed out that M. phlei, when cultivated on solid medium immediately 


UF 
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59 
60a 
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after suspension in blood or serum, produced higher colony counts than 
when cultivated from gelatinized saline. The spreading of the indi- 
vidual colonies was restricted, but the colony count was not reduced as 
in the case of tubercle bacilli. After twenty-four hours in rabbit blood, 
an average of 86 per cent of the original.number of colonies appeared on 
the solid medium. Detailed data on the effect of blood of normal and 
immunized rabbits on M. phlei may be found in the preceding paper. 

The next group of tables (7 to 9) shows comparisons between the 
foregoing results on solid medium and the growth in liquid blood to 
which Long’s medium was added prior to further incubation. Two 
shortcomings in this method caused the results in liquid blood to fall 


TABLE 5 


Avian type tubercle bacillus (A12): Percentage of colonies which grew after inoculation of blood 
on solid medium 


NUMBER COLONIES* IN CONTROLS COLONIES* FROM BLOODS 
OF 


EXPERIMENT 
NUMBER 


1 24 1 48 8 
2 41 2 12 1 


3 65 60 9 


Average  colonies/0.1 
220T 22 3.3 


Average per cent of colonies growing in presence of blood 
(based on x10‘ dilution) 17.3% 


* Total colonies in each dilution of each experiment (summarized from a table for avian 
bacilli, similar to table 2). 
+ Estimated from the number of colonies in the x105 dilution. 


below the best obtainable by liquid cultivation. From experience now 
at hand it is known that growth in blood could have been improved by 
greater dilution with water and Long’s medium. Also, the dilution 
range was selected for colony counting from 0.05 cc. inoculations of 
blood (pooled to 0.1 cc. in tables). The colonies counted show that 
growth from 0.1 cc. could not have been positive in the next dilution. 
With the 0.3 cc. of liquid bloods another dilution (x10’) was needed in 
some cases in order to permit the scores to reach their true values. Thus, 
the scores in liquid blood or serum were limited by the x10* dilution as a 
ceiling and some of the estimates only serve to indicate the degree to 
which the growth crowded up against this artificial barrier. 
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Table 7 shows that the growth of human tubercle bacilli was better 
in rabbit blood than in serum. The positive growth in the blood ac- 
counted for approximately 72 per cent of the bacilli originally placed 
in this menstruum. From actual results in the x10 dilution it is prob- 
able that the growth in liquid blood should have accounted for many 
more bacilli had a suitable range of dilutions been employed. 


TABLE 6 


Summarizing the experiments in which tubercle bacilli were cultivated from guinea pig, human, 
chicken and dog bloods in addition to rabbit bloods 


TYPE OF NUMBER OF EXPERIMENTS WITH EACH COMBINATION 
BACILLUS AND 


STRAIN Rabbit Guinea pig Human Chicken 


Human 
H37-NTA* 


Comparison | Effects al- | Fewer col- | Similar to | Similar to | Fewer col- 
of recov- ready onies rabbit rabbit onies 
ery of col- shown than from} blood blood than from 
onies from rabbit rabbit 
bloods blood blood 


* These cultures were obtained from Dr. William Charles White in 1932. 


Table 8 indicates that the bovine bacilli were detected more success- 
fully in rabbit serum than in blood. Although only 21 per cent of these 
bacilli in blood were accounted for by the liquid cultivation method, 
this procedure, on the average, detected seven times as many bacilli as 
the cultivations on solid medium. Ninni and Bretey (9) reported less 
abundant growth of bovine than of human and avian tubercle bacilli 
in the presence of rabbit blood and Sauton’s medium. It would appear 
that with bovine tubercle bacilli different results are obtained in in- 
dividual rabbit bloods (see also Ninni and Bretey). 


RELA- 
TIVE 
GROWTH 
Dog 
Bovine 
2 2 2 2 2 1+ 
1 1 1 
1 1 1 
Avian 
2 2 2 2 
oe 1 1 2 3 2 2+ 
1 1 1 
1 1 1 
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In order that this fact may be appreciated, the serial number of each 
rabbit used in the tests under discussion has been added to the right 


Comparison of solid and liquid media for detecting viability 


TABLE 7 
Human tubercle bacilli (H37 S) after rotation in rabbit plasma and blood for twenty-four hours: 


EXPERIMENT 


NUMBER TEST NUMBER 


SALINE AND PLASMA CONTROLS 


CULTIVATIONS FROM BLOODS 


Solid egg yolk 


0.1 cc. 


Liquid plasma 


0.3 cc. 


Solid egg yolk 
0.1 cc. 


Liquid bloods 


0.3 ce. 


6; 5/4 


3* 


6 


5| 4] 3 


5 | 4 


x 


x 
x 


x 


|x 


> 
w 


x x/|<x 
x 
x 
x x 
x x |x 
x 
x 


Average scores 


Weighted AHDR ad- 
justed to 0.1 cc. inocu- 


486,000 


157,000 


9,900 


349,000 


Relative per cent of ba- 
cilli detected 


100% 


32% 


2% 


72% 


* These numbers indicate the dilutions used. The growth in the liquid bloods should 
have reached higher levels if another dilution had been included. 


hand column of the bovine table. 


results were variable. 


In the blood of a few rabbits, the 
The bloods of rabbits #281, 282, 283, 285 and 
288 consistently gave growth in the x1i0* or xi0° dilution, while growth 


| 
6 | 3 5 
56 1 x|x x 
2 x Zizi =z x 
3 =z x 
4 zi x 
5 zi 23 
6 zi-2 x 
57 1 —|x 
2 212 
3 x|x/x —|x 
4 — |x 
58 1 x|x/|x/x x/x/|x |x 
2 ziz 
3 zis 
4 — |x 
5 
6 x x H 
3,888 2.355 168 17,787 
486 471 9.9 1,046 


TABLE 8 


Bovine tubercle bacilli (R.S. and B39) after rotation in rabbit plasma and blood for twenty-four 
hours: Comparison of solid and liquid media for detecting viability 


SALINE AND PLASMA CONTROLS CULTIVATIONS FROM BLOODS 


—— Solid egg yolk Liquid plasma Solid egg yolk Liquid blo 


NUMBER 0.1 ce. 0.3 ce. 0.1 cc. 0.3 cc. 


6] § 


5 | 4 


59 x 


®.S.) 


Xi 


| 


ON AU 


Average scores 


Weighted AHDR 
adjusted to 0.1 
cc. inoculum 777,000 304,000 


Relative per cent 
of bacilli detected... 100% 39% 


* These numbers indicate the dilutions used. 
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lods BIT 
NUM- 
6 3 
|| 279 
281 
282 
283 
284 
285 
286 
287 
(R.S.) 279 
281 
282 
283 
284 
285 
286 
287 
288 
(B39) | 279 
Siziz 281 
x|/x/x 282 
zizis 283 
284 
| 285 
286 
| 287 
1 2izi=s | | | 288 
4,666 4,555 629 14,034 
777 911 22 484 
22,000 161,000 
= 3% 21% 
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in the blood of #279 and #284 was never detected above the x10‘ 
dilution. 


TABLE 9 


Avian tubercle bacilli (A12) after rotation in rabbit plasma and blood for twenty-four hours: 
Comparison of solid and liquid media for detecting viability 


SALINE AND PLASMA CONTROLS CULTIVATIONS FROM BLOODS 


EXPERIMENT | +EsT NUMBER Solid egg yolk Liquid plasma Solid egg yolk Liquid bloods 
NUMBER 0.1 cc. 0.3 cc. 0.1 cc. 0.3 cc. 


ere rerei yi Tere ts 7 


x 
|X 


a 


§ | 4 


ONAN FWD 


1 x 
2 x 
3 x 
4 z 
5 x 
6 z 
7 x 
8 x 
9 x 


Average scores 


Weighted AHDR ad- 
justed to 0.1 cc. inocu- 
86,000 187 ,000 


Relative per cent of ba- 
cilli detected 100% 218% 


* These numbers indicate the dilutions used. 


Table 9 suggests that the avian bacilli were especially favored in 
liquid blood. By comparison with the control viability on solid medium, 
the scores indicate that 218 per cent of the bacilli in rabbit serum and 
116 per cent of those in blood were detected by the liquid cultivation. 
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These results indicate that the failure to obtain growth by direct 
inoculation of blood on solid medium was not due to killing of the bacilli 
during the rotation period. It may be noted that the human bacilli, to 
which the rabbit is somewhat resistant, grew better in the presence of 
blood than of serum, while the avian and bovine tubercle bacilli in 
general grew better in the presence of serum than of blood. 


DISCUSSION 


Following rotation of acid-fast bacteria in blood under conditions 
favorable to the immunological action of the serum and leucocytes of 
animals of varying resistance, fallacious evidence of the killing of the 
bacilli was obtained by cultivation on solid medium. Low percentages 
of tubercle bacilli and high percentages of the saprophytic timothy 
bacilli were recoverable by this method, which perhaps explains several 
of the published observations on the cultivation of saprophytic bacilli 
from human blood (see Wilson). 

The results obtained by the addition of Long’s medium to the liquid 
blood in the rotation tubes showed that all or nearly all of the human and 
avian type bacilli were still demonstrable as viable, growing cells. The 
results with the bovine bacilli in rabbit blood were variable and appeared 
to depend on the individual rabbits from which the blood was obtained. 
It is not known whether the differing results were caused by the absence 
of growth or by a peculiar difficulty of detecting growth in certain bloods. 

The results on solid medium inoculated with fresh blood were repro- 
duced as consistently and as strikingly with blood incapable of im- 
munological action, for example, in the absence of serum, after long 
storage, or when “deleucocyted” by Fleming’s method. Neither the 
serum and leucocytes nor the differing resistances of the animal sources 
of the bloods were responsible for the difficulty of cultivating tubercle 
bacilli from blood on solid medium. 

A satisfactory explanation of the difficulty of cultivating from blood 
directly on solid medium is still lacking. The supposed réle of haemo- 
globin (1),5 toxic autolytic products of blood decomposition (2) or of 
damage by leucocytes (4) was discredited by the work of Kirchner and 
Li (5). Since these authors showed that the bacilli occurred chiefly 
in the leucocytes of blood and also that the bacilli from these bloods 
grew in liquid media, it is apparent that leucocytes had not damaged 
the bacilli, even when the latter were present in small numbers. 


5 It is felt that residual traces of xylol may have influenced the results obtained by Davies 
(10). 
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In attempting to change back from liquid environments to the cultiva- 
tion of buffy coat from centrifuged blood on solid medium, Kirchner (4) 
subsequently attributed a failure of growth on solid medium to the 
leucocytes rather than to the accompanying blood cells. In the course 
of the experiments reported in the preceding paper, we observed that 
the addition of a small amount of blood to leucocyte suspensions caused 
a failure of growth in high dilutions and a reduction in colony counts in 
lower dilutions, whereas the leucocytes themselves possessed no action 
on sensitized bacilli. 

Wilson’s suggestion concerning the physical effects of blood on solid 
medium appears the most useful one to date. Two factors which are 
known to influence the frequency of results in cultivation on solid medium 
are the kind of solid medium and the amount of blood placed on unit 
area. With identical amounts of blood placed on agar and on egg media 
(other than Petragnani’s which contains agar), Galton (11) observed 
growth more frequently on agar media. Corper and Vidal (12) obtained 
colonies from blood more frequently on potato than on egg-yolk medium. 
We have observed that when comparable amounts of blood were placed 
on agar and on egg medium, the blood pigments diffused throughout 
the agar medium and that the residual debris left on the surface was 
slight. On the egg medium there was no apparent diffusion and the 
inoculated blood remained on the surface. The influence of the amounts 
of blood per unit area of medium surface was shown by Kirchner and 
Li (5), who obtained almost the anticipated growth when only two loops 
of inoculated blood were placed on the Hohn-Lubenau medium but often 
failed to obtain growth from larger volumes of the same bloods. 
Mishulow and Park (13) and Mishulow and associates (14) felt that their 
success in the recovery of tubercle bacilli from blood was due in part to 
the relatively large area of medium provided by their plating method. 
The volume-surface ratio employed by these investigators was similar 
to the 1 cc. per 220 cm.? of surface employed in this study. 

Since the permeability of the medium, the amount of blood, and 
possibly other factors, influence the colony production, the percentages 
of bacilli cultivated on solid medium in this study are presented merely 
as an indication of the results which can be expected under similar 
conditions. 


SUMMARY 


Cultivation of human, bovine and avian tubercle bacilli from rabbit’s 
blood on egg-yolk-glycerol-water medium permitted the demonstration 
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of only 1 per cent, 3 per cent and 17 per cent, respectively, of the viable 
bacilli. Cultivation of timothy bacilli after the same interval in blood 
produced colonies from 86 per cent of the bacilli. The incubation of the 
liquid bloods containing tubercle bacilli in the presence of a small 
amount of Long’s medium permitted definitely better recovery of the 
bacilli. This method showed that the bacilli had not been killed by the 
action of the serum and leucocytes in blood. 
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THE ACTION OF SERUM, CELLS AND BLOOD ON 
ACID-FAST BACTERIA IN VITRO: ? 


III. Evidence of the Nutritional Basis of the So-called Bactericidal Action of 
Rabbit Serum on Mycobacterium phlei 


JOHN H. HANKS anp BROCKENBROUGH EVANS 


In a preceding study (1), it was not possible to show that serum or 
blood from immunized rabbits exerted a bactericidal action on the 
saprophytic M. phlei. However, a measurable decline in viability 
occurred in serum in twenty-four hours. Similar observations have 
been made by Kling (2) and by Hedvall (3). Hedvall’s publication 
contains detailed information on the effect of rabbit, guinea pig, dog, 
horse, cow, sheep, hedgehog and human serum on three species of 
saprophytic acid-fast bacteria and the Arloing strain. 

In further studies on the effect of blood and serum on acid-fast bacteria, 
differences have been noted in the viability decline or the growth of 
human, bovine and avian tubercle bacilli in the serum of certain animals. 
For example, growth of the avian type in chicken, dog and human serum, 
and the viability changes of avian, bovine, human and timothy bacilli 
in rabbit serum corresponded to the known virulence of these organisms 
for the animals mentioned. A study of the factors which influence the 
fate of timothy bacilli in rabbit serum was undertaken in order to learn 
more of the possible nature of these serum effects. 


METHODS 


The preparation, standardization and dilution of the bacillary sus- 
pensions was carried out as before (1). The viability of the suspensions 
and the effect of the experimental conditions were determined by cultiva- 
tion on solid or in liquid media. Each of two or more tubes of solid 
medium received 0.05 cc. inoculum from each bacillary dilution in 
saline, serum, blood, etc., as the situation required. The colony counts 
were expressed on the basis of 0.1 cc. inoculum (pooled sample). Very 


1From the Department of Bacteriology, Hygiene and Preventive Medicine, School of 
Medicine, The George Washington University, Washington, D. C. 
2 A Codperative Project with the United States Public Health Service. 
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often, the tubes containing the 0.3 cc. of blood or serum remaining after 
inoculation of the solid medium were returned to the incubator as a 
further check on the fate of the bacilli. Long’s medium was added if it 
was desired to assist the growth of the bacilli in these tubes. In experi- 
ments designed to employ both liquid and solid media, the dose of bacilli 
was adjusted so that each tube of liquid and solid medium received the 
standard inoculum, 0.05 cc. 

The bacilli were kept intimately mixed with the blood, serum, etc., 
during the tests by rolling the tubes at 5 r.p.m. 


EXPERIMENTAL RESULTS 


The first point of inquiry was the growth or decline of small numbers 
of timothy bacilli in the blood and serum of the rabbit. Chart 1 was 
constructed by pooling and averaging the results of three experiments 
on the growth of M. phlei in blood components, in the absence and in the 
presence of added sources of nutrients. In the majority of instances, 
the viability was determined at twenty-four, forty-eight and ninety-six 
hours by the inoculation of the solid medium with the test material 
undiluted and diluted 1:10 and 1:100. The rotation tubes were re- 
tained without the addition of Long’s medium and incubated in a 
horizontal position following inoculation of the solid medium, so that 
delayed or slight growth was detected in the liquid medium. 

Chart 1 shows that the viability in rabbit blood diminished for forty- 
eight hours and that growth then occurred with great rapidity. Viability 
in the fresh and the heated serum decreased in ninety-six hours to the 
point of being undetectable on the solid medium; however, subsequent 
examination of the liquid sera in the rotation tubes indicated that some 
of the bacilli survived. Although serum heated at 55°C. for thirty 
minutes appeared to be slightly more favorable than fresh serum, it was 
impossible to implicate the action of complement. 

The excellent nutrient qualities of the cellular elements in blood are 
shown by the rapid growth of the bacilli in the presence of washed cells 
resuspended in gelatinized saline. The reconstitution of these cells in 
fresh or heated serum afforded a definite, but transitory, retardation of 
growth. The more delayed growth from cells suspended in serum than 
from cells in saline was possibly due to a slower disintegration and 
extraction of the blood cells. 

It is apparent from the right-hand section of chart 1 that no viability 
decline was detected in blood or in fresh or heated serum when a readily 
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available nutrient such as Long’s synthetic medium was added at the 
outset. 

As a result of similar observations on viability decline in serum, Kling 
and Hedvall termed the action “bactericidal”? and Hedvall attributed 
the serum effect to beta-lysins. It has been shown (chart 1) that these 


Blood, serum and blood cells 10% Long's medium 
added to : 


Presh Fresh Heated |Cells & Fresh jHeated 
blood serum serum saline serum | serum 


° 
° 
G4 
be 
° 
a 


0 


Cuart 1. The decline or growth of timothy bacilli in blood and its components, with 
and without added nutrients. Original viability of the suspensions (0), dilution x10*. 
Three successive columns show the colony counts at 24, 48 and 96 hours; extended broken 
lines indicate that colonies were innumerable in the highest dilutions tested; the small blocks 
below the level of log 0 indicate an absence of colonies. Arrows show the number of growth 
centres observed later in the rotation tubes. 


effects on timothy bacilli did not always bring about the sterilization of 
the smallest reliable inoculum (see also (1)). The use of an inoculum 
one hundred times larger assured growth and showed that the serum 
contained all the elements necessary for the multiplication of this 
organism. In this connection it was instructive to compare the death 
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rates in the buffered, gelatinized saline and in serum, and to determine 
the fate of differing numbers of timothy bacilli in serum. 

The inoculation into saline of 2,000 bacilli per cubic centimetre did 
not permit recovery of colonies from 0.1 cc. pooled samples after three 
days. This number of bacilli introduced into serum afforded visible 
growth in two weeks. With 800 bacilli per cubic centimetre of serum, 
there was little change in the number of colonies recoverable on solid 
medium during a period of ten days; visible growth in liquid serum was 
recognized at forty-five days. Small numbers of timothy bacilli (40 
per cc.) declined in viability so that colonies were not obtained at three 
days. 

Repeated observation of serum tubes containing this small number of 
timothy bacilli (no colonies on solid medium after twenty-four hours) 
showed that they did not always become sterile. After incubation for 
periods as long as six to seven months, growth finally became evident 
or transfers from such tubes to solid medium produced typically pig- 
mented colonies of acid-fast bacteria, in numbers which indicated 
multiplication. This relationship between the size of inoculum and 
the period of “lag” or “adjustment” has many well-known analogies in 
the growth of microédrganisms in media which are not quite ideal with 
respect to one or more conditions favorable to growth. 

It has already been noted that the addition of Long’s medium to 
serum, prior to inoculating a small number of timothy bacilli, permitted 
prompt growth. On the basis of a bacteriostatic or bactericidal hypothe- 
sis, it could be argued that this medium itself was such an excellent en- 
vironment for growth that a bacteriostatic action in the serum was 
unable to overcome the growth-promoting effect of the synthetic medium. 
Cultivation of several series of the bacillary dilutions in 100 per cent, 
25 per cent and 10 per cent of Long’s medium diluted in water revealed 
that growth of 0.05 cc. inoculum from the x10° dilution took place in 
many instances in Long’s medium (see table 1). However, visible 
growth in the higher dilutions was usually delayed for a week or more. 
In 10 per cent Long’s medium the presence of all amounts of serum tried 
(limits of 2.5 per cent to 90 per cent) produced visible growth from small 
inoculations in forty-eight to ninety-six hours. Thus, while Long’s 
medium alone was complete, and reasonably well adapted to the growth 
of small numbers of timothy bacilli, the addition of any chosen amount 
of serum enhanced rather than inhibited growth. 

The argument that certain constituents of Long’s medium might 
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inactivate a genuine growth-inhibiting factor in serum was considered. 
This possibility appeared to be ruled out by the fact that the addition 
of small amounts of ammonium citrate to serum provided the conditions 
required for the rapid growth of small numbers of bacilli. Since this 
simple combination of nitrogen and carbon source could not be ex- 
pected to provide growth by itself, the serum must be regarded as having 
made growth possible rather than having exerted a restraining influence. 

Hedvall’s protocols show that serum did not inhibit the growth of 
other saprophytic acid-fast bacteria in the presence of peptone. 

Another means of testing for the inhibitory action of rabbit serum in 
a situation otherwise favorable for growth was afforded when a growth- 
supporting rabbit serum was obtained. This serum furnished maximal 


TABLE 1 


Comparing the incubation time and the relative inoculum required to obtain growth in serum 
and diluted serum 


SUBSTRATES TESTED VIABILITY CONTROLS 


BASIS OF COMPARISONS 
Serum Serum Long’s Glycerol | Serum 25% 
100% 25% 25% egg yolk | Long’s 25% 


Days required for growth detection 
in dilutions: 


60 30 3 


6 6 
ng* 60 6 6 3 
4 2 


Relative inoculum required (bacilli)...} 410 34 1 


* No growth in 60 days (ng). The relative number of bacilli required to produce growth 
in each medium was calculated on the basis of ten tubes inoculated in each of the dilutions 
x10°, x10® and x10’, the intermediate calculations being the average scores of the AHDR 
system; see (4). 


growth of small numbers of bacilli, that is, visible colonies in forty-eight 
hours from the x10° dilution. Repeated bleeding of this rabbit did not 
furnish growth-supporting serum again. A portion of the original 
sample of serum, fortuitously stored in the refrigerator, was found to be 
turbid, but sterile and still growth-supporting. This turbid serum was 
mixed with an equal volume of clear, non-growth-supporting serum 
from the same rabbit in order to test whether growth-inhibitory factors 
in the clear sample might prevent growth in the mixture. The mixture, 
and the two sera separately, were inoculated from the x10° dilution of 
bacilli. Although the clear sample did not provide growth after forty- 
five days, the mixture, as well as the turbid serum alone, gave marked 
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growth in forty-eight hours. In this instance no extraneous source of 
nutrients was involved. 

Since the addition of other substances to serum always involved a 
certain degree of dilution, the effect of dilution with water was also 
determined. Table 1 shows the results of an experiment in which com- 
parisons were made between undiluted serum and serum which was 
diluted with nutrient and nonnutrient solutions. The estimates were 
obtained by the use of ten tubes of each medium in each of the dilutions 
x10°, x10° and x10’, in order to determine the smallest successful in- 
oculum. The detection of growth in undiluted serum required sixty 
days of incubation and a relative inoculum calculated to be 410 timothy 
bacilli. In diluted serum growth occurred from a relative inoculum 
of 34 bacilli, positiveness in the various tubes appearing in thirty to 
sixty days. The same dilution of serum, but containing nutrients, pro- 
duced growth from a smaller relative inoculum (1 bacillus) and more 
quickly (three days) than any other medium included. In other ex- 
periments involving smaller numbers of tubes, the x10° dilution usually 
failed to show growth in undiluted serum within one or two months, but 
gave positive results in a portion of the tubes containing 20 or 25 per 
cent serum. The failure to observe growth within the specified time 
limits could not be attributed to killing of the bacilli. 

Although the dilution influenced the pH and other physical properties 
of the serum and permitted growth from somewhat smaller numbers of 
bacilli, the results from diluted serum revealed evidence of a long ad- 
justment period and slow growth. 

The slightly better maintenance of viability in inactivated serum has 
been mentioned; such sera also gave growth more quickly than fresh 
serum inoculated with the same number of timothy bacilli. Hedvall 
found that heating serum to approximately 70°C. permitted good 
growth of several species of saprophytie acid-fast bacteria. This change 
in serum properties was attributed to destruction of the relatively 
heat-stable beta-lysins. In the present work it was learned that sera 
which were diluted 1:4 and autoclaved furnished growth from small 
inocula in a shorter period of time than fresh serum (five to seven days 
rather than a month or more). The addition of glycerol, citrate or 
lactate to heated serum provided for maximal rapidity of growth but 
did not produce increased rapidity of growth in fresh serum. Thus, 
one of the effects of heat was to increase the availability of the nitrogen 
sources in serum. 
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DISCUSSION 


In connection with the question of the loss of viability or the growth of 
timothy bacilli in rabbit serum, it is of interest to mention the effect 
of rabbit serum on the viability of human, bovine and avian tubercle 
bacilli during twenty-four hours. The data were obtained by compiling 
the colony counts in the x10° and the x10° dilutions of every experiment 
in the preceding studies in which immediate cultivations from saline 
were followed by cultivation from rabbit serum under identical cir- 
cumstances twenty-four hours later. By comparison with the colony 
counts from saline, 90 per cent of the human, 128 per cent of the bovine, 
and 135 per cent of the avian bacilli were recovered from serum. The 
decline in the viability of comparable numbers of timothy bacilli was 
more rapid. Insofar as certain other species of saprophytic bacilli are 
concerned, Kling and, especially, Hedvall have presented evidence of a 
comparable loss of viability in sera from a variety of sources. 

In this study, inquiry centred chiefly on the question of whether the 
effect of serum was due to: (a) the presence of bactericidal or bacterio- 
static substances; (6) physical or chemical properties of serum, such as 
pH reduction potential, etc.; or (c) the nutritional adaptability of 
timothy bacilli to the substrate offered by serum. 

In regard to the occurrence of bactericidal or bacteriostatic substances, 
visible growth occurred within two weeks following the inoculation into 
serum of 1,000 multiples of the smallest reliable inoculum, while ap- 
proximately 100 multiples of the small inoculum grew slowly after a 
period of stationary viability. The smallest reliable inoculum (x10°) 
was frequently not sterilized and sometimes grew. Rabbit serum was 
found incapable of inhibiting growth in the presence of available nutrients 
such as Long’s medium, ammonium citrate, or a growth-supporting 
rabbit serum. Any concentration of serum between 2.5 per cent and 
90 per cent improved the growth in Long’s medium. A genuine bacterio- 
static or bactericidal substance should be able to exert its influence under 
one or more of these conditions. 

One of the factors known to influence the growth of bacteria in serum 
is the alkalinity which develops on exposure to air (5,6). It would 
appear that pH played only a minor réle in the viability changes de- 
scribed. In sealed serum tubes as employed, the final pH was always 
close to neutrality. In a few comparisons between sterile, undiluted 
serum and diluted serum stored in the incubator for a few hours, the 
concentrated serum was found to be more alkaline than the diluted 
serum. It is not known whether the initial pH of concentrated serum, 
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or other factors, accounted for the larger inoculum required in the 
absence of dilution. Ishimori (7), working with pellicles, found the 
optimal pH range for timothy bacilli to be between pH 7.5 and 9.1. 

Rotation of the tubes induced more rapid growth, but was not shown 
to permit growth from smaller inoculations. 

Among the possibilities discussed, there remains only one, that is, 
that the timothy bacilli were unable to adapt themselves readily to the 
adequate but relatively inaccessible nutrients in rabbit serum. Lock- 
wood has recently discussed (8) what appears to be an analogous situa- 
tion with respect to the virulence of streptococci and their ability to 
grow in serum. Explanations based on the evidence encountered by 
Lockwood, or in this study, in the final analysis rest on the work of 
Bainbridge (9), Sperry and Rettger (10), and Rettger, Berman and 
Sturges (11). These investigators studied several instances in which 
the ability of microédrganisms to utilize a given protein substrate de- 
pended on the inoculation of large numbers of unwashed cells, or on the 
inclusion of a readily available nitrogen source. 

From studies such as those of Long (12) on the nutritional require- 
ments of acid-fast bacteria, it appears that their nitrogen metabolism 
depends on ammonia or substances from which it may be readily derived. 
One wonders whether newly isolated strains of the different types of 
tubercle bacilli have peculiarly adapted means of obtaining nitrogen 
and energy from the serum proteins of different animal species. 


SUMMARY AND CONCLUSION 


The viability decline of saprophytic acid-fast timothy bacilli in rabbit 
serum could not be attributed to bactericidal substances in the serum. 
The fate of these organisms in serum or blood appeared to be controlled 
by nutritional factors. 
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GUINEA PIG INOCULATION WITH THE GASTRIC 
CONTENTS OF TUBERCULOUS CHILDREN! 


E. ROSENCRANTZ anp SAMUEL HURWITZ 


Pulmonary tuberculosis in infants and children is a most variable 
disease and may occur without any local or constitutional disturbances 
whatsoever. Since finding the tubercle bacillus is undisputed evidence 
of the presence of tuberculosis, in doubtful or obscure cases this evidence, 
when possible, must be ascertained. In searching for the tubercle bacil- 
lus in the adult the usual method is by examination of the sputum; in 
children, however, due to the fact that they almost invariably swallow 
the sputum, a different procedure must necessarily be employed. 

To obviate this, Meunier (1), in 1898, suggested gastric lavage of 
tuberculous children during the fasting period, and staining the cen- 
trifuged specimen for tubercle bacilli. Since then many modifications 
have been suggested in order to increase the efficiency of the method. 
Armand-Delille and Vibert (2) advocated homogenization of the contents 


with sodium hydroxide before staining. More recently, Levin (3), and 
Poulsen and Andersen (4) have shown that guinea pig inoculation with 
the homogenized sediment is superior to either microscopic or cultivation 
methods and believe it is by far the best means known for demonstrating 
tubercle bacilli in infants and children. In this country the guinea pig 
inoculation for diagnosis of pulmonary tuberculosis in children has not 
been so widely used as on the continent. 


MATERIAL AND METHOD 


This report is based upon the results obtained in 169 consecutive 
patients admitted to the female children’s ward in the Tuberculosis 
Service of the University of California at the San Francisco Hospital. 
All patients had a positive tuberculin test (0.1 mg. OT). Table 1 shows 
the clinical features as to age, race, contact, symptoms, physical signs 
and X-ray findings. 

The technique used in this study was as follows: After twelve hours’ 


1From the Departments of Medicine and Pediatrics, University of California Medical 
School, and the Department of Public Health, San Francisco, California. 


645 


q 
if 
i 
4 
H 
i 
% 
|| 
4 
i 


646 E. ROSENCRANTZ AND SAMUEL HURWITZ 


fasting the stomach of the patient is washed out with 35 cc. of physio- 
logical saline solution on three successive mornings. This material 
(approximately 100 cc.) is collected in sterile bottles and kept in a 
refrigerator until delivery to the laboratory. Here it is centrifugalized 
in sterile tubes (50 cc. capacity) at 2,650 revolutions per minute for 
fifteen minutes and the supernatant fluid discarded. The sediment, 
usually 10 to 15 cc., is treated with 5 per cent oxalic acid, thoroughly 
mixed and allowed to stand for at least thirty minutes at room tempera- 
ture; it is then neutralized with 5 per cent sodium hydroxide solution 
plus a very small excess of the alkali to dissolve the pus and mucus; 
sterile saline is added and again it is centrifuged at 2,650 revolutions per 
minute for fifteen minutes. The supernatant fluid is discarded and the 
sediment is washed twice with sterile saline (50 cc. each time), and 
centrifuged at the same rate and for the same time as previously. The 
final sediment is suspended in 1 to 2 cc. of sterile saline and inoculated 
subcutaneously into the groin of a guinea pig weighing from 300 to 400 
grams. 

At the end of six weeks the guinea pig is autopsied; in positive cases 
the regional and the retroperitoneal lymph nodes and the spleen are 
enlarged. Rarely do the lungs or liver show tubercles on gross examina- 
tion; occasionally there is a draining sinus at the site of inoculation. 
Smears for acid-fast bacilli are made from the pus of the infected nodes. 
Careful check is made to ascertain whether the guinea pig has sponta- 
neous pulmonary tuberculosis. 

Recently we have been treating the 100 cc. lavage specimen with a 
small amount (0.1 g.) of papain, as suggested by Sullivan and Sears (5) 
for use in concentrating sputum specimens. The mixture is allowed to 
stand at room temperature for fifteen to twenty minutes with frequent 
shakings. This enzyme dissolves the mucus, thereby facilitating the 
sedimentation of the solid particles (pus and bacteria) when the specimen 
is centrifugalized. The remainder of the procedure is the same as out- 
lined previously. The preliminary treatment with papain, we believe, 
may yield a higher percentage of positive results. 


RESULTS 


In analyzing table 1 we note that the majority of patients are within 
the first decade, 134, or 79 per cent, and 79, or 46.7 per cent, in the five to 
ten year age group. A history of contact was obtained in 94, or 53 per 
cent, of the cases and strikingly in the first age group, 0 to 1 year, all 
patients, 9, or 100 per cent. 
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We find clinical symptoms varied; 86, or 50 per cent, were present in 
one form or another. As with most observers, in the examination of the 
chest of children the physical signs were very meagre; they were elicited 
only in 50, or 30 per cent of the children. 

The roentgen findings we have given in detail according to the pathol- 
ogy; in many cases hilum node involvement occurred together with 
parenchymal or pleural lesions. In 153, or 95.3 per cent, of the patients 
there were evidences of tuberculosis either in hilum nodes, parenchyma, 
pleura or there was miliary dissemination. 

In table 2 is shown the incidence of tubercle bacilli in the gastric con- 
tents reported by other observers. It is quite evident that the actual 
percentages of positive findings vary considerably; this is due to several 


TABLE 1 
Clinical characteristics 


ROENTGEN FINDINGS 


HISTORY 
OF Pul- 
CONTACT monary | Calcifi-| Mil- | Pleural 
infil- | cation | iary | effusion 
tration 


years 
0-1 3 
1-2 
2-5 31 1 1 
5-10 50 
over 10 19 5 


Total...... 114 38 12 


factors, mainly, however, to the various methods and techniques em- 
ployed in demonstrating the tubercle bacillus. 

It has been conclusively proved by Levin (3) and Poulsen (4) that 
guinea pig inoculation is far superior to either microscopical or cultural 
methods. Poulsen and Andersen (4) also have found that increasing the 
number of gastric lavages from one to three, increases the positive find- 
ings by approximately 20 per cent. They concluded that it is warrant- 
able to limit the number of analyses to three since there is little chance of 
increasing the percentage of positive results by further examination. 
Since in their series only one lavage was done in a large number of 
children in whom no tubercle bacilli were found, Poulsen and Andersen 
conclude that their results are probably too low. Levin (3), employing 
multiple lavages, obtained a percentage of positive findings approximat- 
ing those here recorded. 
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Out of the 169 cases, it was found that 76, or 45 per cent, had tubercle 
bacilli in the gastric contents. In table 3 we see the distribution of these 
positive cases according to the age of the patient; very markedly it stands 
out that age is an important factor influencing the results. Here we find 
that all 9 patients in the first age group (0 to 1 year) were positive. The 


TABLE 2 
Incidence of positive gastric lavage reported by various observers 


NUMBER | POSITIVE 
AUTHOR METHOD AGE OF CASES | RESULTS 


years per cent 
Kereszturi, e¢ al Microscopical and 0-15 101 27.7 
guinea pig 
Armand-Delille & Vibert Microscopical Infants, 110 31.0 
children 
Poulsen & Andersen Microscopical culture, 0-10 622 
and guinea pig Majority 
under 5 
Gourley Guinea pig 0-15 210 
Saye, et al Microscopical and 0-10 107 
guinea pig 
Microscopical, culture 0-15 434 
and guinea pig 


TABLE 3 
Positive guinea pig findings according to age 


AGE TOTAL NUMBER OF CASES NUMBER POSITIVE PER CENT POSITIVE 


years 
0-1 100 
1-2 67 
2-5 59 
5-10 34 
over 10 34 


169 45 


younger the group, the higher the percentages of positive findings, up to 
five years when the percentages decrease. 

This is explained by the fact that the tuberculous process in infants is 
still active and has not had time to heal and become encapsulated. For 
practical purposes, one should consider children under two years old with 
a positive tuberculin reaction as having active tuberculosis until other- 
wise proved by guinea pig inoculation. Indeed, because so many children 
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under four years are discharging tubercle bacilli Poulsen and Andersen 
have insisted on isolation until clinical, roentgenological and gastric 
analyses have shown whether or not there is possible danger of infection. 

We have also found that the incidence of positive findings in the gastric 
contents differs in the various clinical types of tuberculosis in children 
(table 4). 

In acute miliary tuberculosis the gastric content was positive in all 
4 cases. Among 38 patients with primary pulmonary infiltration, 35, 
or 92 per cent, had tubercle bacilli. These findings are in close agree- 
ment with those reported by Opitz (6) in cases of “epituberculosis.”’ 


TABLE 4 
Gastric lavage findings in relation to the various clinical types of tuberculosis 


PER 
CENT 
POSI- 
TIVE 


NUMBER 
POSI- 
TIVE 


REMARKS 


Miliary 100 | Two developed meningitis 

Primary pulmonary infiltration 35 92 | Majority under ten years 

Pleural effusion 7 58 | Pleural fluid positive in 4 cases 

examined 

Calcified parenchymal 
lymph node lesions 27 | Small number of cases due to fact 

that majority are seen in clinic 

Hilar nodes 24 | These are patients where diagnosis 

of active pulmonary tuberculosis is 

dificult or impossible without 

lavage 

Extrapulmonary (4 bone and 
joint, 2 meningitis) All showed intrathoracic involvement 

by X-ray—either hilum or paren- 

chyma 


In 12 children who had pleural effusion, 7, or 58 per cent, showed tubercle 
bacilli with lavage. It is of especial interest that, in 26 children with 
primary tuberculosis with either the parenchyma or hilum node calcified, 
only 7, or 27 per cent, had positive gastric findings. Hilum node involve- 
ment alone was noted in 66 patients and of these 16, or 24 per cent, 
yielded tubercle bacilli. 

Extrapulmonary tuberculosis occurred six times and the tubercle 
bacillus was found in each case. The clinical picture in these patients 
was meningitis (twice) and joint and bone lesions (four times). Since 
the X-ray film in all these patients revealed evidence of pulmonary 
involvement, we cannot but consider these cases as pulmonary tubercu- 
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losis primarily, with meningitis, bone and joint involvement as compli- 
cations, even though clinically the symptoms of the complications 
predominate. Chievitz (7) found that young children with osseous 


TABLE 5 
Duration of presence of tubercle bacilli 


DURATION OF POSITIVE GASTRIC LAVAGE (MONTHS) 


9-12 | 12-15] 15-18) 18-21) 21-24) 24-27 27-30 


11 months 
4 years 
3 years + + 
9 months 
7 years* 
6 years* + 39 months 


6 years 
4 years 
7 yearst 
4 years 
2 years 
8 years 
12 years 
3 years 
1} years 
5 months 
5 years 
11 years* 
3 years 
5 years 
6 years 
11 years 
8 years 
12 years 
11 months 
8 months 
4 years 
5 years 
XXIX 8 years 
XXX 5 years 
XXXI 8 years 
XXXII | 12 years 


* Reinfection type. 
t Diffuse bone involvement. 


tuberculosis have a high percentage of positive gastric analyses and this 


agrees with our results. 
Poulsen (4) believes that children with extrapulmonary tuberculosis 
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harbor tubercle bacilli just as much as those who have pulmonary 
localization solely. 

Table 5 shows the duration in which tubercle bacilli were obtained in 
32 patients—more often, the organisms are found in one or two specimens 
only, and at a short interval, but in infants and in younger children, 
they are shown to be present over a more protracted period. In this 
younger age group the tuberculous involvement is doubtless seen at the 
inception, whereas in older children with a primary type of infection 
there has been opportunity for partial or complete healing. 

Poulsen and Andersen (4) have emphasized the fact that tubercle 
bacilli may be revealed in the gastric contents for a very long time and 
not necessarily in very ill children. They also noted that the immediate 
mortality of patients with positive findings in the gastric contents is very 
much greater than in negative cases. In our series there were no 
deaths in the latter group whereas 5 patients died who had tubercle 
bacilli in the gastric lavage. 

Opinions differ considerably regarding the possible spread of infection 
from children with positive tubercle bacilli in the stomach. We feel 
that isolation measures should be adopted until two negative lavages 
at an interval of one month, at least, are reported. 

The literature has been thoroughly reviewed recently by Poulsen and 
Andersen (4) and also by Levin (3). It seems well established that 
wherever tubercle bacilli are discharged by coughing there is a possible 
danger of infection. Since tuberculous children may have virulent 
organisms in the gastric contents, it seems logical to assume that during 
intercurrent respiratory infections such patients may possibly be a source 
of spread of the disease. Levin (3) aptly sums up the problem when he 
states that ‘“as long as it has been shown that virulent bacilli can be 
found in children with tuberculosis and it has not been convincingly 
shown that they are harmless for their environment, it is at present at 
least better to regard them as a source of infection. Isolation should be 
adopted during the period of bacillary presence even if ultimately such 
measures prove to be exaggerated.” The routine tuberculin test and 
segregation of positive reactors from negative children, until complete 
investigation (including gastric lavage) is carried out, may perhaps help 
to lower the incidence of tuberculosis. 


DISCUSSION 


It has been proved (3, 4, 8) that tubercle bacilli are found only in 
tuberculous individuals and not in healthy children. Thus when gastric 
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lavage reveals tubercle bacilli, it definitely establishes the diagnosis of 
active tuberculosis. In 4 patients, there were no physical signs—no 
symptoms, the X-ray films were negative—only by the positive lavage 
was the diagnosis of active tuberculosis possible. Other workers (3, 9) 
have likewise noted that there may be no auscultatory or roentgen signs 
in children with pulmonary tuberculosis and that the condition could be 
diagnosed only on the basis of finding the tubercle bacillus. 


SUMMARY 


The gastric contents of 169 tuberculin-positive children were inoculated 
in guinea pigs and tubercle bacilli were recovered in 76, or 45 per cent 
of the cases. The incidence of positive gastric findings is discussed in 
relation to the clinical features, the method of searching for the tubercle 
bacilli and the duration of therapy as indicated by repeated lavage. The 
possible significance as a source of infection in patients is fully con- 
sidered. 


CONCLUSION 


Obtaining tubercle bacilli from the inoculation of guinea pigs with 
gastric lavage is a practical method for the diagnosis of pulmonary 
tuberculosis in infants and children. The age is an important factor 


in obtaining results, for the earlier the age of the child, the higher the 
percentages of positive findings, in the first year reaching 100 per cent. 
This method of procedure is one of great importance, for in the absence 
of physical and roentgenological signs it may be the only recognizable 
evidence of the presence of tuberculosis. 
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BRIEF REPORTS 


TRACHEAL ACCESSORY LUNG! 
WILLIAM F. HULSE AND HAROLD G. CURTIS 


The purpose of this report is to record another case of accessory tracheal 
lung tissue. In their paper on Disease of Aberrant Intrathoracic Lung Tissue, 
to be published at a later date, S. O. Freedlander and P. W. Gebauer provide 
a classification of entodermal malformations of the lungs. This is made up 
of two large groups: 


I. Accessory Types 


(a) Tracheal diverticulae 
(b) Tracheal accessory lungs 
(c) Bizarre fissure formation 
(d) Azygos lobes 

(e) Inferior accessory lobes 
(f) Bronchogenic cysts 

(g) Congenital cystic disease 


II. Aberrant Types 


(a) Cysts of respiratory epithelium in the mediastinum 
(b) Aberrant lobes 
1. Intrathoracic 
2. Subdiaphragmatic 
The case which we are reporting represents, we believe, one of tracheal 
accessory lung. This condition may be defined as one (again referring to 
Freedlander and Gebauer’s paper) in which there are “small masses of well 
developed lung tissue communicating with the trachea through separate 
bronchi and located high in the mediastinum lateral to the trachea.” 


J. B., an adult white male patient, gives a history of onset of symptoms in 
July, 1937 at which time he had a slight haemoptysis. Roentgenogram of the 
chest at this time revealed infiltration of moderate density throughout both 
upper lobes with honey-combing in both apices. He was admitted to Low- 
man Memorial Pavilion of Cleveland City Hospital in August, 1937. At this 
time sputum examination was positive for tubercle bacilli. At the time of 
admission a satisfactory pneumothorax was induced on the left side. 


1 From Sunny Acres, Cleveland Tuberculosis Sanatorium, Warrensville, Ohio. 
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The past history is noncontributory except for a history of pneumonia in 
1927. There were no known tuberculosis contacts. 

On admission to this sanatorium a diagnosis of far advanced tuberculosis 
vas made with evidence of improvement in both lung fields. The sedimenta- 
tion rate was .5 mm. per minute (modified Wintrobe method) and the vital 
apacity was 57 percent. The urine showed a slight trace of albumin but was 
itherwise negative. The blood Wassermann was negative. The sputum was 


Fic. 1. Photograph of chest film showing radiopaque oil in bronchus to accessory lung 
tissue. A: bronchus, leading to tracheal accessory lung; B: right main bronchus; C: left 
main bronchus. 


positive, Gaffky 2. Weight on admission was 149 pounds, usual weight being 
154 pounds. 

Because of the fact that in spite of a good collapse of the left lung the sputum 
was still intermittently positive, bronchoscopy seemed indicated. This pro- 
cedure was carried out in November, 1938 for the purpose of determining 
whether the patient had a tuberculous tracheobronchitis; and if not, to deter- 
mine from which side the positive sputum was coming. 

Under evipal anaesthesia a no. 7 Jackson bronchoscope was inserted into 
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the trachea which presented considerable distortion and was somewhat in- 
fantile in type. There was no intrabronchial lesion visible although there 
was a moderate generalized hyperaemia. On advancing the bronchoscope 
further into the trachea an unusual abnormality was noted. Instead of the 
usual two openings, denoting the origin of the right and left main stem bronchi, 
there were three. Each of these was approximately the same size and was 
lying in almost a lateral plane. The diameters of these openings were about 
two-thirds that of the normal right and left main bronchi. The middle and 
left orifices led downward, the lower limits not being identified. The opening 
on the right, however, led sharply to the right and upward, giving the impres- 
sion that its upper limits would be found lying close to the trachea. At this 
examination smears of the bronchi were taken for laboratory examination. 
These were subsequently reported negative for tubercle bacilli. 

Since this examination revealed an unusual anomaly further studies were 
deemed advisable and an examination with radiopaque oil was made. This 
was carried out by placing oil in the lower lobe on the right with the patient 
in the erect position and leaning slightly to the right. The patient was then 
placed on the fluoroscopic table and tilted until the head was in a slightly 
dependent position thereby permitting the oil to run into the opening on the 
right. A film was taken in this position with the result shown in figure 1 
(A—right opening, B—middle opening, C—left opening). It was felt that 
the openings marked B and C represented the usual right and left main bron- 
chial origins respectively and that the opening marked A represented an 
example of a bronchus communicating with tracheal accessory lung. The 
bronchus A is seen turning sharply to the right and upward. The outlines 
of the wall of this accessory bronchus may be seen to be irregular and lacking 
in the usual substantial supporting structures. The finer divisions of this 
bronchus are not filled as would be expected in normal lung tissue. A film 
oi the chest taken just prior to this study revealed infiltration in this area. 
By superimposing the two films the area of infiltration is seen to be confined 
largely to the area outlined with the radiopaque oil indicating that we are 
probably dealing here with a specific disease in tracheal accessory lung tissue. 


SUMMARY 


A case of tracheal accessory lung is reported. 


ICTERIC PLEURAL EFFUSION! 
CHARLES HYMAN 


A fairly extensive, but not complete search of the literature fails to reveal 
any instance of icteric pleural effusion. The following case of carcinoma 
of the lung presented this finding constantly during a period of observation 
lasting twenty-six days. 


G. R., white, male, married, age sixty-one, was admitted to the Atlantic 
City Hospital February 7, 1939, complaining of progressive dyspnoea and 
weakness. The family history was negative for tuberculosis, diabetes and 
heart disease. One sister died of carcinoma of the uterus. The personal 
history was negative except for the usual mild childhood diseases. ‘There was 
no history of any injuries or operations. 

For about two years he had noticed increasing fatigue, dyspnoea, and 
gradual loss of weight which a physician attributed to low blood pressure. 
Despite these complaints he continued his work as an insurance salesman and 
collector until October 30, 1938 when he fainted and fell down a flight of stairs. 
On revival he suffered from extreme dyspnoea and pain over the right anterior 
chest. It was impossible to determine whether or not acute thoracic pain 
preceded the fainting spell. He has remained in bed since this attack. The 
dyspnoea has continued to get worse and he is now orthopnoeic. There is 
occasional pain of slight degree in the right anterior chest. During the last 
three weeks moderate cough with mucopurulent expectoration has been noted. 
Two weeks prior to admission he had blood-streaked sputum on a few occa- 
sions, but no frank haemoptysis. 

Physical examination shows an adult white male suffering from marked 
orthopnoea, extreme emaciation and dehydration. Examination of the head 
and neck is negative except for oral sepsis and sordes about the lips. The 
eyes are prominent due to marked tissue loss. The sclerae and conjunctivae 
are pale. There is no evidence of icterus. 

The respirations are rapid and labored, with almost complete immobility 
of the entire right chest. All of the accessory muscles of respiration are 
brought into play. The apex beat is displaced to the anterior axillary line 
in the sixth left interspace. The right cardiac border is at the midsternal line. 
Both heart sounds are audible but feeble. There is a soft systolic apical 


1 From the Department of Medicine, Atlantic City Hospital, Atlantic City, New Jersey. 
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murmur. The blood pressure is 84 systolic and 60 diastolic; the pulse rate 80. 
There is absence of vocal fremitus over the entire right chest, impaired reso- 
nance over the right apex and flatness over the lower two-thirds of the right 
lung. No breath sounds are heard anywhere in the right chest. Over the 
left lung vocal fremitus is increased, the percussion note is hyperresonant 
and the breath sounds are readily heard. Moist rales are heard over the 
left base. 

The abdomen is scaphoid. The veins are easily seen through the emaciated 
skin, but they do not appear to be distended. The liver is smooth, firm and 
slightly tender. It is palpable about three finger breadths below the right 
costal cage and in the epigastrium for about one finger breadth. The spleen 
and kidneys are not palpable. The extremities are negative. 

The blood count was 4,400,000 red cells, 74 per cent haemoglobin, white 
cells 8,100, polymorphonuclears 85 per cent, lymphocytes 14 per cent, mono- 
cytes 1 per cent. Wassermann and Kline tests are negative. Urine is nega- 
tive. Test for bile in urine is negative. Blood icterus index is 6. The 
sputum is negative for tubercle bacilli; there is a varied bacterial flora, gram 
negative diplococci, numerous pus cells and epithelial cells. 

The clinical diagnosis is: massive right pleural effusion, with a probable 
carcinoma of the right lung. 

By paracentesis of the chest 2,500 cc. of light amber colored fluid is removed 
with some relief from dyspnoea. The fluid appears to be bile stained; it is 
negative on smear and culture; there are no pus cells, and no cells of neoplastic 
origin. Gmelin’s test for bile pigments is positive. The icterus index of the 
fluid is 40. 

X-ray examination after removal of fluid shows complete collapse of the 
right lower lobe and 50 per cent collapse of right upper lobe; thickening of 
apical pleura on right side and areas of density suggesting an old tuberculous 
process. Diagnosis of malignancy seems not warranted at this time. 

Repeated sputum examinations failed to reveal tubercle bacilli. No bile 
was found in the sputum. 

Repeated paracenteses were necessary for relief of respiratory distress; 
2,100 cc. were removed at the second tap, 1,500 cc. at the third and 750 cc. 
at the last tap. The gross and microscopical appearance of each specimen 
was the same as on the first tap; bile was present in each specimen. The 
clinical course was progressively downhill and the patient died of exhaustion 
and respiratory failure after twenty-six days in the hospital. 

Autopsy report: Both the parietal and visceral pleurae are adherent. The 
right chest is filled with a thick, somewhat greenish seropurulent fluid contain- 
ing many fibrinous flakes. The upper lobe of the right lung is shrunken and 
adherent, of a somewhat solid consistency and it cuts with increased resistance. 
The lower lobes have apparently been replaced by a soft gelatinous and cystic 
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mass which appears to be covered with pleura. The trachea and mediasti- 
num are displaced to the left. The left upper lobe cuts with increased resist- 
ance and has the same general appearance as seen on the right; the left lower 
lobe is congested and oedematous. The heart is displaced to the left and shows 
a right sided dilatation. The myocardium shows loss of tone and all the 
valves are somewhat sclerotic. The aorta and coronaries are grossly normal. 

The liver is large and congested and shows a Riedel lobe. The diaphragm is 
intact. There were no gross lesions of the remaining abdominal viscera. 

Sections of lung tissue show marked fibrosis, haemorrhagic oedema, areas 
of necrosis and islands of carcinoma. 


COMMENT 


This case is of interest because of the presence of bile in the pleural effusion. 
The accepted principle of transudates is that the composition of an effusion 
depends upon the condition of the blood. However in this case there was no 
history of jaundice and during the hospital stay the blood icterus index was 6. 
Careful inspection of the liver and diaphragm failed to reveal a fistula that 
might have been a means of bile escaping to the pleural cavity. There was no 
evidence of malignant disease in the liver or the bile tracts that might have 
been a source of metastasis to the lung. The source of the icteric effusion 
therefore remains unexplained. 


RADIO AMPLIFIER IN THE TREATMENT OF TUBERCULOSIS 
OF THE LARYNX 


HOWELL RANDOLPH! 


There is no specific treatment for laryngeal tuberculosis. Its cure now 
depends upon rest to the larynx and relief of the cough by attention to the lung. 
The more nearly complete rest of the vocal cords and laryngeal muscles can 
be obtained, the more rapidly can healing take place. Intermittent contrac- 
tion of these delicate structures by attempted phonation keeps the strands of 
granulation tissue separated and breaks the continuity of healing cell groups. 

A radio amplifier unit has been found to be useful in the treatment of laryn- 
geal tuberculosis. About 15 patients with varying degrees of laryngeal dam- 
age have used it for periods of a few weeks to several months. It is now in 
use by a patient whose larynx was removed five years ago for carcinoma. 

The device consists of a small radio transmitter, which is designed to be 
held close to the speaker’s lips, and an amplification unit. A faint whisper is 
audible through the amplifier which is placed on the other side of the room. 
The larynx remains relaxed, and there seems to be little or no contraction. It 
is found that the patient is encouraged to maintain “silence” and is less apt 
to overstep the limits imposed by his physician when he has this amplifier. 
The visitor is more apt to be considerate of the patient. In conversation the 
visitor or attendant can keep at some distance from the patient’s bed, thus 
obviating the danger of transmission of tuberculosis. 

All types of laryngeal disease where restriction of phonation is indicated 
can be greatly alleviated by the use of the appropriate transmitter-amplifier 
device. 


1 1005 Professional Building, Phoenix, Arizona. 
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EDITORIAL 
Transpleural Aspiration of Tuberculous Cavities (Monaldi) 


Of the various tentacles that are being hesitantly and carefully ad- 
vanced from the established medical structure into the experimental 
medium which constantly surrounds it, one is at present seriously con- 
cerning itself with transpleural catheter aspiration of tuberculous cavities. 

In the spring of 1938, Monaldi at the Forlanini Clinic in Rome in- 
serted a catheter by means of a trocar directly through the chest wall 
into a tuberculous cavity. Very low pressure suction was intermittently 
carried out. He found to his delight both that no serious chest wall 
infection developed and that the cavity almost at once greatly decreased 
in size. This procedure,seems to have had little preconceived practical 
support. It was probably carried out with the idea of establishing 
better drainage than its bronchial exit was affording it. At any rate, 
the initial result and those immediately following were so encouraging 
that the enthusiasm of Monaldi and his coworkers, Bottari and Babolini, 
led them to maintain it to be the preéminent method of choice in dealing 
with tuberculous lung cavitation under certain considerably restricted 
conditions. 

To date, cavity aspiration has been employed by them in nearly 200 
cases. Aspiration of apical, midlung and basilar cavities was tried. 
Cavities surrounded by atelectatic lung, cavities embedded in scar 
tissue or widely adherent to chest wall or cavities ballooning out into 
lung with little apparent circumferential involvement were aspirated. 
Supported thus by extensive experimentation, their conclusions con- 
cerning the cavity or cavities amenable to transpleural aspiration are of 
real medical interest. 

Conditions favorable for cavity closure by this procedure appear to be: 


1: Location with peripheral wall not widely adherent to parietal pleura; 
2: Isolated balloon-type cavities offer best prognosis although those with 
walls only moderately thickened and not embedded in old permanently atelec- 
tatic and fibrotic lung may disappear; 
3: A considerable or marked degree of stenosis in the bronchus or bronchi 
serving as its source of communication with the upper respiratory tract; 
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4: Favorably situated for direct intercostal approach, with pleural leaves 
adherent at site of catheter insertion. 


Their technique is as follows: 


1: Exact localization by X-ray studies. 

2: Preliminary introduction of 18 or 20 gauge needle. When the cavity is 
entered accurate measurement of the distance is made. A special two-way 
trocar, devised by Monaldi, is then introduced, carrying an obturator; the 
latter is withdrawn, a catheter closely fitting the trocar cylinder is slipped into 
it, and the trocar withdrawn. This trocar, now made by Pilling, is devised 
to permit a closed air system with a manometer so that pressures within this 
cavity can be measured following and during various respiratory exercises. 
The entire procedure is conducted with the patient on a fluoroscopic table 
with the screen covered with a sterile cloth. 

3: Suction is started the day after operation. A tiny motor is obtainable 
for this purpose and suction is maintained for a few minutes every hour during 
the day. The patient himself conducts his suction treatment at home. 


The usual course of a successful case is: 


1; Sputum conversion occurs within two or three weeks, providing no other 
active tuberculous focus exists within the bronchopulmonary system. 

2: Conversion of secretion obtained from the cavity through catheter is es- 
tablished within two months. 

3: Cavity closure is observed within four months. 


The drainage at first is bloody and purulent but within a month be- 
comes serous. The catheter is usually extruded spontaneously as the 
cavity closes. 

Kupka, now at Olive View Sanatorium, attended Monaldi’s clinic 
for seven months. The data above reviewed were obtained from him. 
Kupka has aspirated 15 cases at Olive View. Thirteen were broncho- 
scoped and some degree of stenosis was noted in 11. All cavities were 
accurately localized by Oechsli by means of planograms. In one case 
the cavity was not entered by the needle and the attempt was abandoned. 
Transient haemoptysis without untoward event occurred in 2 cases. 
In 10 cases there was a mild infection in soft tissues about the catheter. 
In 2 the infection was moderately severe but subsided under hot ap- 
plications. No symptoms of embolus were apparent in any patient. 
One patient developed paroxysmal dyspnoea resembling bronchial 
asthma. Too strong suction inducing neighboring oedema might have 
been responsible for it. 
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Kupka’s series of 15 were all initiated within the past six months. 
In 4 patients the cavities are apparently closed. Ten had negative 
sputum within twenty-four hours after operation. Six now have con- 
version of cavity secretion. 

It is presumed that cavity disappearance is occasioned by one or 
more of the following factors: 


1: Aspiration of pus and tissue detritus gradually reduces the inflammation 
within the cavity walls, permitting: 

2: Surrounding atelectatic lung tissue to reéxpand or 

3: Contiguous uninvolved lung by compensatory emphysema to force to- 
gether cavity walls freed of their cellular exudate. 


Certainly it would be entirely too premature to attempt to evaluate 
this procedure at the present time. No dependable nor accurate report 
has as yet become available from Monaldi’s clinic. Kupka’s oldest 
case is scarcely six months under observation. Ambrose Churchill, of 
our clinic, has one patient now six weeks under treatment. Sputum was 
reduced by 90 per cent within forty-eight hours, but it is still positive. 
Cavity secretion obtained by suction is now serous in character. The 
cavity is reduced by 60 per cent in size. Contralateral activity may 
account for persistent positive sputum. 

It seems to the writer that, regardless of our reluctance to collapse 
and so permanently deprive of function a considerable amount of good 
lung by thoracoplasty or extrapleural pneumothorax in order to obliterate 
a tuberculous cavity, these procedures are still our only recourse in the 
great majority of cases. If, however, the classical clinical symptoms 
of bronchial stenosis are present, and a given cavity directly accessible 
through an intercostal space is of the balloon type, strongly indicating 
that its only available bronchial exit is almost entirely occluded, then 
it appears not unlikely that transpleural aspiration may prove successful. 
It is probable that far advanced bronchial stenosis has been responsible 
for many failures of sputum conversion following thoracoplasty. If 
direct drainage produces cavity disappearance when markedly inadequate 
bronchial drainage obtains, its value will prove very considerable. The 
procedure is as yet, however, in its experimental stage. When definite 
information concerning it is available it will appear in the REvIEw. 


FRANK S. DOLLEY 


Gilliam Snow Miller 
1858-1939 


Dr. William Snow Miller, Emeritus Professor of Anatomy at the 
University of Wisconsin, and a member of that university’s faculty for 
nearly half a century, died on December 26, 1939 in his eighty-second 
year. Although technically retired at the age of sixty-six in 1924, he 
had worked unceasingly during the last fifteen years of his life and taken 
advantage of the relief from teaching and routine duties to make this 
almost his most productive period. 

Doctor Miller was born at Stirling, Massachusetts on March 29, 1858, 
the son of the Rev. William and Harriet Emiley (Snow) Miller. His 
father was a Congregational minister. It is notable that family cir- 
cumstances made it necessary for the son, after an elementary academic 
course, to forego the advantages of a conventional college education. 
William Snow Miller, destined to be one of the scholars of his time, 
received no bachelor’s degree. After graduating from the Williston 
Academy he commenced the study of medicine, in the customary man- 
ner of the time, through a preceptorship. His teacher was Dr. C. H. 
Hubbard of Essex, Connecticut. Apparently some of the stimulus to- 
ward intimate anatomical understanding came from Doctor Hubbard, 
for during this period Miller was very industrious in animal dissection. 
Shortly after he had commenced his medical studies he won a scholar- 
ship in the School of Medicine of Yale University. The medical course 
was short in those days. Two years after he commenced his preceptor- 
ship, that is, in 1879, he graduated with the M.D. degree. 

Before his graduation his technical ability had become apparent. 
His beautiful dissections led to his early appointment as laboratory 
assistant in anatomy. After graduation he continued his basic studies 
by working in pathology with Francis Delafield at the College of Physi- 
cians and Surgeons in New York, and with Benjamin Silliman, Jr. at 
Yale University. A serious infection acquired at a postmortem ex- 
amination interrupted his studies, and after his recovery he turned to 
medical practice, first at Clinton and then at Southbury, Connecticut. 

Shortly thereafter his lifelong affliction of deafness began to develop. 
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Increasing difficulty in the practice of medicine, on this score, brought 
Doctor Miller back to the anatomical and pathological laboratory in 
1889, to remain in laboratory research for fifty years. In 1890 as a 
Fellow at Clark University he was associated with Franklin P. Mall, 


William Snow Miller 
1858-1939 


and under the latter’s influence began the studies on the anatomy of the 
lung that eventually led to his position as unrivaled master in this 
held. 

In 1892 Doctor Miller was called to the University of Wisconsin as 
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Instructor in Zoology. Except for brief absences for special study he 
remained at Madison for the rest of his life, during which he taught 
comparative anatomy, embryology, neurology and histology, and car- 
ried on a continuous program of research. His scientific idealism, 
uncompromising with anything but absolute accuracy, his devotion to 
his duties, and his modesty coupled with earnestness inspired hundreds 
of students, so that his influence in medical education at Madison was 
profound. 

Doctor Miller will always be known for his preéminence in two fields, 
the minute anatomy of the lung and the history of medicine. As early 
as 1893, in the Journal of Morphology, he had written a paper on the 
structure of the lung, and in 1902 he wrote the chapter on the anatomy 
of the lungs in the Reference Handbook of the Medical Sciences. But 
full appreciation of his position in the field came with the publication 
of a paper, now recognized as an anatomical classic, on the distribution 
of lymphoid tissue in the lung, in the Anatomical Record in 1911. Doc- 
tor Miller was not an unimaginative encyclopaedist, monotonously col- 
lecting detailed information. He was constructive in accomplishment. 
His work soon revealed what is now recognized as the true unit of the 
lung, the primary lobule, and he was the first to make clear the relations 
of bronchus, bronchial artery, pulmonary artery, pulmonary vein and 
pulmonary lymphatics. 

His unique understanding of pulmonary anatomy logically led to his 
selection for an exact investigation of the anatomical development of 
pulmonary tuberculosis. He was the first of the now long list of in- 
vestigators to be singled out by the Committee on Medical Research of 
the National Tuberculosis Association for special support in the prose- 
cution of fundamental research. His descriptions of the flow of lymph 
in the human lung with respect to the pleura and the lung hilum have 
been basic in understanding the spread of tuberculosis. His studies on 
the different course of the vascular and lymphatic systems in the lungs 
of rabbits and guinea pigs, partly carried out with associates at Johns 
Hopkins University during one of his brief absences from Madison, 
have proved valuable in understanding the different course taken by 
tuberculosis in its spread in the different animal species. The distinc- 
tion is important in fundamental research, because of wide dependence 
on results in these two animals, and an added significance has been 
given this phase of his research for the light it throws on certain differ- 
ences in the childhood and adult types of tuberculosis in man. 
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Doctor Miller’s work, in addition to its well grounded plan, was tech- 
nically superb. His conclusions were based largely on meticulous 
reconstruction from magnified drawings of serial sections. His beauti- 
fully figured article on the reconstruction of a conglomerate tubercle 
(AMERICAN REVIEW OF TUBERCULOSIS 1919, 3, 65) is familiar to almost 
every American student of tuberculosis. 

Doctor Miller was formally honored by the National Tuberculosis 
Association by the award of the Trudeau Medal, in 1934, in recognition 
of his exceptionally valuable researches. Long before that, however, 
he was the recipient of an informal distinction in the National Associa- 
tion that must have been equally gratifying to him. All through the 
1920’s Doctor Miller was a prominent figure at the annual meetings of 
the Association. Because of his difficulty in hearing he did not attend 
many of the appointed sessions. Instead he set up a beautiful exhibit, 
illustrating his most recent work. This was always on the mezzanine 
floor of the meeting hotel. Never did Doctor Miller deliberately de- 
tract from any scheduled program, but it is a fact that year after year 
in those days the brilliancy of his exhibit “stole the show.” Many of 
the most regular attendants at the meetings of the National Association 
to-day recall the quiet visits in Doctor Miller’s corner of the mezzanine 
with genuine nostalgia. 

In 1937 Doctor Miller brought his investigations on pulmonary 
anatomy together in a long awaited book entitled The Lung. Two 
weeks after its publication the first edition of 1,500 copies was exhausted, 
and the volume was already a prized treatise in the rare book class. 

Doctor Miller’s other interest, medical history, made him eminent 
among the historians of medicine in this country. His library of some 
3,000 volumes in medical history is one of the outstanding American 
collections. The rooms in which it is housed are additionally unique, 
because for thirty years devoted students and colleagues of Doctor 
Miller have gathered there on regular occasions for the William Snow 
Miller Medical History Seminar. In his library he spent half his time 
in the late years of his life. Here he worked steadily on a long series of 
investigations on pioneers in medicine. Doctor Miller was the unofficial 
medical biographer of Wisconsin, and the State is indebted to him for 
the rediscovery and preservation of some of its most important medical 
records. Most notable perhaps were his studies on the life of William 
Beaumont, but he wrote a score of other papers on less well known 
physicians who played a part in the medical development of the Middle 
West. 
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Doctor Miller’s home life was quiet but rich, and generously shared 
with friends. He was twice married. His first wife, Carrie M. Bradley 
Miller, died in 1901. In 1912 he married Miss Alice Burdick, of Madi- 
son, who survives him. Doctor Miller’s many colleagues, who recall 
vividly their contact with him at the meetings of the National Tubercu- 
losis Association ten to twenty years ago, will always remember his 
companionship with Mrs. Miller, who was as regular an attendant at 
the meetings as her husband. This kind and friendly pair endeared 
themselves to all who had the privilege of knowing them. 


EsmonpD R. Lonc 


ANNUAL MEETING OF THE AMERICAN TRUDEAU 
SOCIETY 


The preliminary program for the 1940 meeting of the American Trudeau 
Society has been completed by the program committee under the chairman- 
ship of Dr. John Alexander and is printed herewith. 

One of the features this year will be a Question Box Hour conducted by Dr. 
Emil Bogen on Monday afternoon. Members are requested to submit as 
early as possible interesting, important or perplexing questions which will be 
put before some leading tuberculosis workers for answer and discussion at this 
session. The questions should be sent to Dr. Bogen at Olive View Sana- 
torium, Olive View, California. 

A Diagnostic and Therapeutic Clinical Conference will be held under the 
leadership of Dr. John B. Barnwell on Wednesday evening. This will take the 
place of the X-ray Conference which has been held for many years. The 
features of this conference which proved interesting in previous years will not 
be abandoned, but the scope will be enlarged to permit wider discussion, 
particularly from the clinical point of view. Members who may have sugges- 
tions to be considered for this meeting should address Dr. Barnwell at Tubercu- 
losis Unit, University Hospital, Ann Arbor, Michigan. 

The clinics to be conducted by courtesy of Cleveland physicians, Tuesday 
afternoon, promise to be most informative and valuable. In order that 
members may attend more than one clinic, the same programs are to be 
repeated on Wednesday afternoon. 

Another new activity is the arrangement of a clinic for the physicians of 
Clevelarid on Tuesday evening under the chairmanship of Dr. J. C. Placak. 
Members of the American Trudeau Society will be welcome. 

For the first time, a joint session of the American Trudeau Society and the 
American Association for Thoracic Surgery will be held on Thursday, June 6, 
the program being presented by representatives from each organization. 
During Friday and Saturday other sessions of the American Association for 
Thoracic Surgery will be held at the Wade Park Manor in Cleveland and 
members of the American Trudeau Society are invited to attend. 

Members will recall that during the week of June 9 the meeting of the 
American Medical Association will be held in New York City and there will 
also be meetings of the Ameri, 2n College of Chest Physicians and the American 
Academy of Tuberculosis Physicians in the same city. The exact dates are: 
American Medical Association, June 10-14; American College of Chest 
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Physicians, June 8-10; American Academy of Tuberculosis Physicians, 
June 10-11. 
Meeting of the Council 
The meeting of the Council of the American Trudeau Society will be held 
at the Hotel Statler on Sunday, June 2. Further notice will be sent to mem- 
bers. Meetings of the Executive Committee were held in New York City, 
December 8, 1939, and in Cleveland, April 4, 1940. 


PRELIMINARY PROGRAM 
35th Annual Meeting of the American Trudeau Society 


CLEVELAND, OHIO—JUNE 3-6, 1940 
(All meetings will be held at the Hotel Statler except the clinics, as indicated) 


Monday, June 3 
9:30 A. M. 
American Trudeau Society Grand Ball Room 
Presiding: J. BURNS AMBERSON, JR., M.D., New York. 
BusINEss MEETING 
REPORT OF COMMITTEES 


2:00 P. M. 
Medical Section, First Session Grand Ball Room 
Presiding: Lewis J. Moorman, M.D., Oklahoma City. 
The Treatment of Tuberculosis and Diabetes, A Ten Year Experience 
RicHARD M. McKEAn, M.D., Georce C. THosteson, M.D., and NATHAN Brooks, 
M.D., Detroit, Mich. 
Tuberculosis Empyema: A Critical Review of 112 Consecutive Cases 
LYNNE ELMER BAKER, M.D., JAmeEs N. CHRISTIANSEN, M.D., and McK. L. PHELPs, 
M.D., Hamilton County Tuberculosis Sanatorium, Cincinnati, Ohio. 
Tuberculosis in Mental Institutions 
M. Pottak, M.D., Superintendent and Medical Director, Peoria Municipal Tuber- 


culosis Sanatorium, Peoria, Ill. 


Question Box Hour. 
Presiding: Emil Bogen, M.D., Olive View Sanatorium, Olive View, Calif. 


6:30 P. M. 
Grand Ball Room 
National Tuberculosis Association 
American Trudeau Society 
National Conference of Tuberculosis Secretaries 


8:30 P. M. 
Opening General Meeting of National Tuberculosis Association..Grand Ball Room 


Address of President Henry D. Caapwicx, M.D., Waltham, Mass. 
Report of the Managing Director KENDALL Emerson, M.D., New York, N. Y. 
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Award of the Trudeau Medal Leroy U. Garpner, M.D., Saranac Lake, N. Y. 


Report of the Committee on Nominations 
I. OGDEN Wooprurr, M.D., New York, N. Y. 


10:00 P. M. 
Reception and Dance Grand Ball Room 


Tuesday, June 4 
9:30 A. M. 
Medical Section, Second Session Grand Ball Room 

Presiding: H. FRANK CarMANn, M.D., Dallas, Tex. 

Chemotherapy in Tuberculosis. A Review 
*Harry J. Corper, M.D., Denver, Colo. 
*Discussion: LEROY U. GARDNER, M.D., Director, Saranac Laboratory for Study of 
Tuberculosis, Saranac Lake, N. Y. 
*Henry C. Sweany, M.D., Medical Director of Research, Chicago Municipal 
Sanitarium, Chicago, IIl. 
*ARNOLD R. Ricu, M.D., Associate Professor, Department of Pathology, Johns 
Hopkins University School of Medicine, Baltimore, Md. 
*CHARLEsS H. BoIssEvAIN, M.D., Colorado Foundation for Research in Tuberculosis, 
Colorado Springs, Colo. 

Experiences with Miniature Film Chest X-rays 
Bruce H. Dovuctas, M.D., Tuberculosis Controller, City of Detroit Department of 
Health, and Cart C. BrrKELo, M.D., Detroit, Mich. 

Clinical Evidence Favoring Endogenous Reinfection in Certain Cases 
JoserH A. JoHNsTON, M.D., Detroit, Mich. 

The Application of Laminagraphy in Chest Conditions 
Witu1aM H. Werpman, M.D., Norwich State Tuberculosis Sanatorium, and JEAN 
Krerrer, M.D., Norwich, Conn. 


* Pending acceptance. 


2:00 P. M. 
Medical Clinics—By CLEVELAND PHYSICIANS 


Clinic No. 1 
City Hospital and Sunny Acres Sanatorium Group 


Extrapleural Pneumothorax—Pavut W. GEeBAvER, M.D. 
Tumors of the Mediastinum—SaAmvuEt O. FREEDLANDER, M.D. 
Pulmonary Hodgkins’ Disease—Cuartes S. Hictey, M.D. 

Cor Pulmonale—Roy W. Scott, M.D. 

Air Embolism—RicHarp E. STONER, M.D. 

Interesting Chest Films—Srpney E. Wotpaw, M.D. 


Clinic No. 2 
City Hospital and Sunny Acres Sanatorium Group 


Pneumonolysis, Report of One Thousand Cases—Josepn B. Stockien, M.D., and N. 
STANLEY GREENE, M.D. 

Oleothorax, Report of One Hundred Cases—Rosert H. Browninc, M.D., and CARROLL 
C. Dunpon, M.D. 
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Presymptom Tuberculosis—Raymonp C. McKay, M.D. 

Differential Broncho-Spirometry—PaAuL W. GEBAUER, M.D. 
Cavitating Carcinoma—Harry Hauser, M.D. 

Lobectomies and Pneumonectomies—SAMUEL O. FREEDLANDER, M.D. 


Clinic No. 3 


Lakeside Hospital Group 


Extrinsic Lesions of the Heart. Angulation and Torsion. 
Experimental Considerations—CLaubE S. Beck, M.D. 
Presentation of Cases—IrRviNG BEsSERGLICK, M.D. 
Compression of the Heart—C.taupe S. Beck, M.D. 
Blood Supply of the Heart. 
Experimental Considerations—CLaupeE S. Beck, M.D. 
Presentation of Cases—HAro.p Fert, M.D. 
Bronchial Asthma and Carcinoma of the Lung—Srmon Kotetsky, M.D. 
Myasthenia Gravis in Relation to Tumors of the Thymus—Lewis H. Bronson, M.D., and 
Davip R. Werr, M.D. 


8:30 P. M. 
Clinic for the Physicians of Cleveland.............Allen Memorial Medical Library 
Presiding: J]. C. PLacax, M.D., Cleveland, Ohio 
Differential Diagnosis in Pulmonary Tuberculosis—J. BurNs AMBERSON, JR., M.D., 
New York, N. Y. 
The Early Diagnosis of Pulmonary Tuberculosis—Bruce Douctas, M.D., Detroit, 
Mich. 
The Management of Pulmonary Tuberculosis—JoHN ALEXANDER, M.D., Ann Arbor, 
Mich. 


Wednesday, June 5 


9:30 A. M. 
Joint Session, Medical and Administrative Sections 
Presiding: GEORGE G. ORNSTEIN, M.D., New York, N. Y. 
The Minimal Case—Key to Control 
CHESLEY BusH, M.D., Medical Director, Arroya Sanatorium, Livermore, Calif. 
Constitutional Factors and Diet in Tuberculosis 
Frep H. Hets£e, M.D., Medical Director, Trudeau Sanatorium, Trudeau, N. Y. 
Rehabilitation and After-Care of the Tuberculous 
Terry C. Foster, Research Agent, Vocational Rehabilitation Division, U. S. 
Office of Education, Washington, D. C. 


2:00 P. M. 
Medical Clinics Repeated 


8:15 P. M. 

Diagnostic and Therapeutic Clinical Conference 
Presiding: JoHN B. BARNWELL, M.D., Associate Professor of Internal Medicine, Uni- 
versity of Michigan, Ann Arbor, Michigan. 
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Thursday, June 6 


9:30 A. M. and 2:00 P. M. 
Joint Sessions of the National Tuberculosis Association, American Trudeau Society 
and the American Association for Thoracic Surgery 

Presiding for the American Trudeau Society: J. BuRNS AMBERSON, JR., M.D., New York, 

N.Y. 

For the American Association for Thoracic Surgery: ADRIAN V. S. LAMBERT, M.D., New 

York, N. Y. 

Presentations to be contributed by the American Trudeau Society: 

Functional and Physiological Disturbances following Severe Thoracic Deformities 
ANDRE CouRNAND, M.D., Assisting Visiting Physician, Tuberculosis Service, Belle- 
vue Hospital, Dickinson W. RicHarps, Jr., M.D., Associate Professor of Medicine, 
Columbia University College of Physicians and Surgeons, New York, N. Y., and 
HerBert C. Marer, M.D., Assisting Visiting Surgeon, Tuberculosis Service, 
Bellevue Hospital, New York, N. Y. 

A Follow-up Study of Two Groups of Patients Treated between 1926 and 1938, Re- 

spectively, with and without Collapse Therapy. Data about Life Expectancy and 

Hospital Mortality Rates 
B. P. Potter, M.D., Hudson County Tuberculosis Hospital, Jersey City, N. J. 

Anatomic and Clinical Evidence Pointing toward Methods of Cavity Closure and 

Healing 
Oscar AUERBACH, M.D., and HENRY GREEN, M.D., Sea View Hospital, New York, 
N. Y. 

The Monaldi Method of Cavity Drainage 
Epwarp KupkA, M.D., Olive View Sanatorium, Olive View, Calif. 

Additional papers to be presented by the American Association for Thoracic Surgery. 

The preliminary program for the annual meeting of the American Association for Thoracic 
Surgery, June 6-8, Cleveland, will appear in the May issue of THE BULLETIN of the National 
Tuberculosis Association. 
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RESULTS OF EXTRAPLEURAL THORACOPLASTY FOR 
PULMONARY TUBERCULOSIS! 


GEORGE N. J. SOMMER, Jr.? ann ADRIAN A. EHLER?® 


In an effort to determine the influence of certain conditions present 
before operation upon the results of extrapleural thoracoplasty for pul- 
monary tuberculosis, a study has been made of the records and roentgeno- 
grams of the 177 patients on whom thoracoplasty was performed at the 
University of Michigan Hospital between July 1, 1934 and July 1, 
1937. During this period 7 patients (3.9 per cent) died from causes 
directly or indirectly connected with operation; one patient (0.6 per 
cent) committed suicide while in the University Hospital; 13 patients 
(7.3 per cent) died after their discharge to sanatoria or their homes. 
One hundred and forty patients (79.1 per cent) have closed cavities and 
sputa negative for tubercle bacilli and 15 living patients (8.5 per cent) 
have sputa positive for tubercle bacilli. One hundred and fifty-five 
(88 per cent) of the 176 traced patients are living, the average length of 
follow-up being thirty and one-half months. Of these living patients 
140 (90.3 per cent) have closed cavities and negative sputa. 

The three-year period from July 1, 1934 was chosen for study since 
certain principles in the performance of the multiple stage thoraco- 
plasty being followed at the present time (July 1, 1939) were adhered to 
throughout the period. In the large majority of the operations not 
more than long lengths of two ribs, with the corresponding transverse 
vertebral processes, were resected; at times an additional short length 
of a third rib was removed. Following the resection of the upper seven 
ribs the posterolateral or posterior portions of the periosteal beds were 
thoroughly rubbed with 10 per cent formalin in order to prevent rib 
regeneration. The formalinization of the upper seven periosteal beds 
was performed during each posterolateral operative stage at which any 
of these seven were removed. Complementary anterior stages were 
performed in ninety-eight instances. Only rarely was extrafascial and 


1 From the Department of Surgery, University of Michigan, Ann Arbor, Michigan. 
2120 West State Street, Trenton, New Jersey. 
* Albany, New York. 
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extrapleural apicolysis added in these patients. The group may be 
considered as representative of extrapleural thoracoplasty without 
apicolysis. Table 1 lists the number of stages performed in the 163 
completed thoracoplasties; the average number of stages was 4.1 per 
patient in 162 cases. The total elapsed time from the first to the final 
stage in those patients requiring more than one stage varied from one 
to twenty-eight months; in the case requiring twenty-eight months an 
anterior stage was performed two years after the last posterior stage. 
The average time for the completion of a thoracoplasty was three and 


TABLE 1 
Number of operative stages per patient in 163 completed thoracoplasties* 


NUMBER OF 
NUMBER OF STAGES PATIENTS 


One posterolateral 

Two posterolateral 

Three posterolateral 

Three posterolateral and one anterior 
Four posterolateral 

Four posterolateral and one anterior 
Five posterolateral 
Five posterolateral and one anterior 
Three posterolateral and two anterior 
Four posterolateral and two anterior 
Five posterolateral and two anterior 
Several including anterior** 


* Average number of stages per patient was 4.1 for 162 patients. The untraced patient 
is included. 

**In this patient’s case an accurate differentiation between primary and secondary 
thoracoplasty operations was not possible. This case is not included in determining the 
average number of operative stages. 


three-fifths months. The technique of thoracoplasty used in this clinic 
has been described by John Alexander (1). 

In gathering the material upon which this report is based, a study of 
the case records was followed by a review of the roentgenograms taken 
preoperatively, after each operative stage, and before discharge of 
patients from the University Hospital. The spyta of all but one patient 
were positive for tubercle bacilli before operation and all patients had 
pulmonary cavities that were to be treated by thoracoplasty. Clinical 
follow-up information, completed April 1, 1939, was obtained from 
patients, from sanatoria and from referring physicians regarding the 
presence or absence of sputum, recent examinations of sputum, the 
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amount of physical activity and work being done, and the general 
condition of the patient. Follow-up was possible for all but one patient; 
the short periods of follow-up were six and seven months, respectively, 
for two patients whose thoracoplasties, which were begun during the 
period of study, were interrupted and completed following an interval 
of more than a year after July 1, 1937. One additional patient was 
discharged only recently after completion of an interrupted thoraco- 
plasty. The average length of follow-up was thirty and one-half months 
arid the longest fifty-one months. Information regarding sputum 
examinations after discharge of patients from sanatoria was at times 
unsatisfactory in view of the carelessness of some patients regarding 


TABLE 2 
Age and sex of patients with distribution in age groups and results 


CLOSED CAVITIES AND NEGATIVE 


SPUTA 
AGE GROUP 


Per cent 


55.0 
81.8 
83.3** 
74.1 
25.0 


79.1 


* One untraced. 
** Per cent of 48. 


this important matter. The great majority of the patients in this 
group, however, have been carefully followed by examination of con- 
centrated sputum specimens for tubercle bacilli and cultures or guinea 
pig innoculation of sputum during their stay in sanatoria. It has been 
possible to follow only a minority of the patients as carefully since their 
discharge from sanatoria. 

An especial effort was made to review recent roentgenograms of all 
patients. Through the odperation of physicians and hospitals it was 
possible to secure films on all but 6 living patients. One patient had no 
roentgenograms taken after operation and was working thirty-one 
months later. Films could not be obtained from 3 patients whose 
sputa were negative thirty-nine, thirty-six and thirty-six months, respec- 
tively, following operation and who were physically active and doing well. 


| Number 
years 
15-20 1 8 9 5 
21-30 28 60 88 74 4 
31-40 31 18 49* 40 
41-50 16 11 27 20 
§1-52 4 0 4 
80 97 177 140 || 
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The remaining 2 patients from whom roentgenograms have not been 
received are regarded as having open cavities since one had had an 
incomplete thoracoplasty and the other is having fever and expectora- 
tion. The average postoperative time of roentgenological follow-up was 
twenty-seven and one-tenth months. 

Table 2 presents data regarding the age and sex distribution of the 
patients. There was a preponderance of women among the patients 
less than thirty years of age and an increasing incidence of men in the 
older age groups. The youngest were two girls fifteen years of age and 
the oldest a man fifty-two years of age. One hundred and seventy-three 


TABLE 3 
Duration of tuberculosis before thoracoplasty with results 


LIVING WITE CLOSED CAVITIES AND NEGATIVE 
NUMBER OF MONTHS’ NUMBER OF CASES 
DURATION 


Number Per cent 


2-10 5 83.3** 
11-20 16 
21-30 17 
31-40 13 
41-50 23 
51-60 19 
61-70 
71-80 
81-90 
91-100 

Over 100 


* One untraced. 
** Per cent cf six traced cases. 


were white and 4 were American Indians. The number and percentages 
of patients in each age group with closed cavities and negative sputa are 
given in table 2. If we except from consideration the small numbers in 
the highest and lowest age groups there does not seem to be any signifi- 
cant difference in results for the various groups. A review of a greater 
number of young and old patients would besinteresting. During the 
last two years a much larger number of patients up to sixty years of age 
have been operated upon in this clinic. 


DURATION OF TUBERCULOSIS—PREVIOUS COLLAPSE THERAPY 


Table 3 lists the distribution of patients according to the duration of 
tuberculosis before the beginning of thoracoplasty. One patient gave a 


| 
177 140 79.1 
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history of two months’ duration, one of seven, 3 of eight and one of nine. 
Thirty patients had initial symptoms more than one hundred months 
before thoracoplasty. The table also gives the number of patients and 
the percentage living with closed cavities and negative sputa in each 
duration group. There are no significant differences in results between 
the various groups. 

Table 4 gives the collapse therapy measures that had been used before 
thoracoplasty. There are listed here only the procedures used for the 
lung over which thoracoplasty was performed. Practically all patients 
had had some type of collapse therapy or had had it attempted, for in 
the group listed as having had none are included cases in whom no in- 
trapleural space could be found during efforts to induce therapeutic pneu- 


TABLE 4 
Previous collapse therapy on thoracoplasty side 


NATURE OF COLLAPSE THERAPY 


None (including cases in which pneumothorax was unsuccessfully 
attempted) 

Phrenic nerve paralysis alone 

Pneumothorax alone 

Pneumothorax and phrenic nerve paralysis 

Multiple intercostal neurectomy and phrenic nerve paralysis 

Scaleniectomy and phrenic nerve paralysis 

Extrapleural pneumonolysis with paraffin filling 

Pneumothorax, phrenic nerve paralysis and open drainage of empyema... 


mothorax. Extrapleural paraffin packs were removed at the time of 
first-stage thoracoplasties from 2 patients, whose cavities had not 
closed following extrapleural pneumonolysis and insertion of the packs. 


UNFAVORABLE RESULTS 


Seven patients (3.9 per cent) died at the University Hospital of causes 
directly or indirectly connected with operation, and a young woman 
committed suicide following four posterior and one anterior stage the 
evening before a planned additional stage; an increasing mental depres- 
sion had been evident for some weeks before her death. The remaining 
7 patients died following first-stage (4 deaths) and second-stage (3 
deaths) operations. Three of the 8 deaths were caused by wound infec- 
tion; in one of these cases a severe transfusion reaction immediately 
preceded death and in another marked dyspnoea was present. Two 


| NUMBER OF CASES 

26 3 

59 

9 

1 
2 

177 
| 


680 SOMMER AND EHLER 


patients died of anoxaemia with dyspnoea following second-stage opera- 
tions, one being a man forty-five years of age, who died several weeks 
after operation, and the other being a woman, thirty-eight years of age, 
who died nine days after operation. The open drainage of a mixed 
tuberculous and pyogenic empyema immediately preceded the death 
of a man three months after a first-stage thoracoplasty. The final 
fatality occurred after a first-stage thoracoplasty and later emergency 
drainage of a large blocked cavity with retained sputum causing severe 
symptoms of sepsis; a wide bilateral spread of pulmonary tuberculosis 
occurred, leading to death a few weeks later. 

In review wound infection was the cause of 3 of the 8 postoperative 
deaths while anoxaemia led to 2 and was a complicating factor in another. 

Nine patients (7. 3 per cent) died of pulmonary tuberculosis following 
discharge from the University Hospital. There is doubt regarding the 
cause of death in only one of these patients whose cavity was closed in 
the last roentgenogram seen by us taken six months after operation; 
no information regarding the sputum is available and the exact cause of 
death is unknown. Cavities not closed by thoracoplasty were present 
in 6 of the 9 patients; the immediate cause of death in one of these 
patients was late pneumococcus infection in a residual pneumothorax 
space with clear effusion; this empyema was drained elsewhere shortly 
before death. Two patients had cavities closed by thoracoplasty and 
died of contralateral spreads, one of which occurred immediately after 
the final thoracoplasty stage: 

Two deaths after discharge from the University Hospital were due to 
suicide. One was ten months later in a patient with negative sputum and 
closed cavity. The second suicide occurred in a man with bilateral 
cavities five months after his thoracoplasty was abandoned following the 
first stage because of dyspnoea; this patient had threatened suicide if he 
were unable to have a thoracoplasty. Two patients with closed cavities 
and negative sputa died of cardiac disease, which had been recognized 
prior to operation; one death took place thirty-one months, and the 
other more than one year, postoperatively. 

Fifteen patients are living with sputa positive for tubercle bacilli. 
Five of these patients have had incomplete thoracoplasties, from one to 
four stages having been performed. Dyspnoea caused abandonment in 2 
cases, one being complicated by myelogenous leukaemia and the other by 
wound infection. A contralateral spread of the tuberculosis interrupted 
one thoracoplasty while an increase of preéxisting contralateral active 
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tuberculosis prevented further thoracoplasty in 2 patients; in one of 
these 2 patients an increase in the disease in the contralateral lung, which 
was collapsed by pneumothorax, occurred after the first stage; the other 
contralateral increase occurred after a second-stage thoracoplasty. 

The cavities of 4 living patients are closed on the side of the thoraco- 
plasty, but the sputa remain positive because of active tuberculosis in 
the contralateral lung in 3 instances and because of ulcerative tuberculous 
bronchitis with stenosis in the fourth instance. Extrapleural pneumo- 
thorax has been performed on the side opposite to thoracoplasty for 2 
of these patients without conversion of the sputa. The contralateral 
disease in the third patient was augmented by a spread occurring after 
the final stage of a secondary thoracoplasty, which closed a large cavity. 

The cavity of one of the 15 living patients with positive sputa remains 
open in spite of secondary thoracoplasty. In the lungs of 2 patients 
collapsed by thoracoplasty definite open cavities may not be visualized 
in stereoscopic standard roentgenograms; the sputum of one of these 
patients has only recently become positive after having been negative 
to cultural examination for more than one year. Collapse of the cavity 
of another patient was interfered with by a large empyema, for which a 
Schede thoracoplasty has been added. Two patients reported negative 
sputa, but one had a cavity visible in a roetgenogram taken forty months 
after operation and the other has fever and expectoration; unfortunately 
no roentgenogram was available for this patient. We count both these 
patients as having open cavities and positive sputa. 

Contralateral spread of tuberculosis, one occurring after discharge of 
the patient from the University Hospital, and extensions of existing con- 
tralateral tuberculous disease have prevented what might have otherwise 
been good thoracoplasty results in 6 cases. Three of these 6 patients 
are living with incomplete thoracoplasties, one is living with a completed 
secondary thoracoplasty and 2 are dead. 


FAVORABLE RESULTS 


One hundred and forty patients (79.5 per cent) of the 176 traced pa- 
tients are living with negative sputa and cavities closed by thoracoplasty. 
These patients have been grouped according to the 1938 Diagnostic 
Standards of the National Tuberculosis Association. One change in this 
classification has been made for the purposes of this study; no patient 
has been considered quiescent unless sputum has been negative on 
examinations of concentrated specimens and cultures for at least six 
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months. Twenty-eight patients are classified as apparently cured, 
55 as arrested, 40 as apparently arrested, 15 as quiescent and 2 as im- 
proved. The 2 patients are classified as only improved in spite of closed 
cavities and negative sputa since one is dyspnoeic and the other is 
thought by her physician to have a blocked cavity. Of the 155 living 
patients 90.3 per cent have closed cavities and negative sputa. Ninety- 
four patients are now working full time or part time or are able to work. 
Only the 17 patients classified as quiescent or improved remain in 
sanatoria. 


CONTRALATERAL TUBERCULOSIS AND CONTRALATERAL COLLAPSE THERAPY 


One hundred and twenty-five of the 177 patients had roentgenological 
evidence of inactive tuberculosis in the nonthoracoplasty lung. Nineteen 
patients had cavernous lesions present in the nonthoracoplasty lung at 
the time the thoracoplasty was being performed, and 7 patients had 
active, noncavernous, moderately advanced tuberculosis in the non- 
thoracoplasty lung. 

Of the 19 patients with contralateral cavernous lesions at the time of 
thoracoplasty 9 now have closed cavities bilaterally and negative sputa. 
Seven of them are apparently cured or their tuberculosis is arrested or 
apparently arrested, while one patient has quiescent tuberculosis and 
another is improved but dyspnoeic. Two patients apparently have had 
cavities closed by thoracoplasty and have contralateral extrapleural 
pneumothorax, but the sputa remain positive. One patient’s sputum 
remains positive because of a spread in the nonthoracoplasty lung follow- 
ing the last stage of a secondary thoracoplasty that closed a large cavity. 
Two patients are living with incomplete thoracoplasties and positive 
sputa and one patient is regarded as having positive sputa and open 
cavities, although roentgenograms have not been reviewed. One pa- 
tient died in the University Hospital and 3 following discharge, one dying 
of suicide. Only one cavity in a nonthoracoplasty lung closed spon- 
taneously during the period of thoracoplasty. 

Five of the 7 patients with moderately advanced noncavernous tuber- 
culosis in the lung not treated by thoracoplasty now have arrested or 
apparently arrested tuberculosis with closed cavities and negative sputa. 
One patient is living with open cavities, for the thoracoplasty was inter- 
rupted after the first stage because of excavation in the contralateral 
lung, and one patient died of pulmonary tuberculosis after discharge 
from the hospital. 

Ten patients were receiving contralateral pneumothorax at the time of 
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thoracoplasty; 7 of these are included in the group with contralateral 
cavernous lesions and 3 in the group with contralateral noncavernous 
lesions at the time of thoracoplasty. Five patients have closed cavities 
bilaterally and negative sputa. Three patients died, one as the result of 
operation and 2 later. Two patients are living with positive sputa, one 
with an incomplete thoracoplasty and one with a spread on the non- 
thoracoplasty side. Two patients had thoracoplasty with contralateral 
extrapleural paraffin packs controlling previously cavernous lesions. 
One of these patients has arrested tuberculosis with closed cavities and 
negative sputa and the other has an interrupted thoracoplasty due to 
dyspnoea and myelogenous leukaemia. Conclusions cannot be drawn 
from this small group of cases. In the last two years an increasing 
number of patients with pneumothorax on the nonthoracoplasty side 
have been operated upon in this clinic with much better results than those 
reported in the present series. 

Twenty-seven of the 177 patients have received bilateral collapse 
therapy. This number includes the 12 with pneumothorax or extra- 
pleural paraffin packs at the time of thoracoplasty. The remaining 15 
had phrenic nerve paralysis, or intrapleural or extrapleural pneumothorax 
for the nonthoracoplasty lung before orafter thoracoplasty. No effort 


has been made to analyze these cases in detail. Fourteen have closed 
cavities and negative sputa, 6 are dead and 7 are living with positive 
sputa. 


IPSILATERAL PLEURAL COMPLICATIONS 


It is often necessary to proceed with thoracoplasty in the presence of 
a partial ipsilateral pneumothorax since the complete reéxpansion of the 
lung before the beginning of thoracoplasty may be impossible owing to 
thickened pleura. Forty-five patients (24.5 per cent) had pneumothorax 
alone, pneumothorax with effusion, simple effusion or empyema with or 
without pneumothorax on the side of the thoracoplasty at the time it was 
begun. All but one patient with a small effusion had had previous pneu- 
mothorax therapy. Air or air and fluid was aspirated before, imme- 
diately after, and as often as necessary between stages in an effort to 
obliterate the intrapleural space. In simple effusion of small volume, 
air replacement of aspirated fluid was not usually employed, but in larger 
effusions with pneumothoraces an effort was made to keep the intra- 
pleural space free of clear or purulent fluid and to replace air to the extent 
necessary to prevent high negative pressures. 

There were 4 patients with pneumothorax without effusion at any 
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time during the thoracoplasty and 13 with effusion. Three of the 17 
patients died, one due to operation and 2 later. Only one death may be 
attributed to the presence of a pneumothorax with effusion. This pa- 
tient was discharged after a three-stage operation with a small residual 
pulmonary cavity and a small amount of clear pleural fluid but no air; 
death occurred thirty-one months later following the drainage elsewhere 
of an acute pneumococcus empyema that had developed shortly before 
drainage. The remaining 14 patients have closed cavities and negative 
sputa; one is classified as only improved because of dyspnoea, one is 
quiescent, and 12 apparently cured, arrested or apparently arrested. 

Eleven patients had simple effusion without pneumothorax at the 
time of thoracoplasty. All but one had had therapeutic pneumothorax 
previously. In one case death occurred from a contralateral spread of 
the tuberculosis in the presence of an open cavity on the thoracoplasty 
side; another patient is alive with positive sputum from a contralateral 
spread. The tuberculosis of the remaining 9 patients with closed 
cavities and negative sputa is arrested or apparently arrested. 

Seventeen patients had empyema on the thoracoplasty side, 5 of them 
without a residual pneumothorax. Two patients had open drainage 
performed before the beginning of thoracoplasty. One postoperative 
death occurred following the drainage of a mixed tuberculous and pyo- 
genic empyema; one thoracoplasty was terminated because of dyspnoea 
with the pulmonary cavity and the empyema remaining open. In one 
case a persisting sinus track and an open pulmonary cavity remain after 
Schede thoracoplasty ; the only other Schede thoracoplasty performed was 
successful in closing the empyema cavity. There are 14 patients with 
closed intrapleural spaces and pulmonary cavities, being apparently 
cured, arrested or apparently arrested. 

A review of the 45 patients with pleural complications shows that the 
results of thoracoplasty have been as satisfactory as those of the entire 
group of 177 patients. There were only 2 postoperative deaths (4.4 
per cent) and 3 late deaths (6.6 per cent). Three patients (6.6 per cent) 
are living with positive sputa; 2 of these 3 patients have persisting pleural 
spaces, one with an incomplete thoracoplasty. The remaining 38 
patients have closed pulmonary cavities and obliterated intrapleural 
spaces. These results indicate that there is not an increased hazard in 
thoracoplasty in the presence of effusion, empyema and pneumothorax, 
provided that the intrapleural air or air and fluid are properly managed 
before and after each stage of thoracoplasty. 


EXTRAPLEURAL THORACOPLASTY 


CAVITY SIZE AND POSITION 


It is generally believed that the effectiveness of thoracoplasty in 
regard to cavity closure is dependent upon the size and position of the 
cavities in the lung. In the study of the preoperative roentgenograms of 
our series a record was made of the size and position of all cavities except 
small ones of minor significance. The data regarding cavity size are 
listed in table 5. In a few instances the estimated sizes of a group of 
multiple small adjacent or superimposed cavities were added together in 
view of our inability exactly to record the size of each small cavity. In 
table 6 are listed the locations of cavities in the seven arbitrary divisions 
of the lung chosen for this study; figure 1 demonstrates the seven posi- 
tions in the lung. 

An analysis of the reasons for failure of complete thoracoplasty to close 
pulmonary cavities is of interest and importance. The failure of in- 
complete thoracoplasty is not pertinent, and the reasons for incompletion 
of the operation have been discussed elsewhere in this article; the 14 
incomplete thoracoplasties are, therefore, not considered in the following 
paragraphs. Furthermore those instances of cavity closure with positive 
sputa or late death due to contralateral disease or tuberculous bronchitis 
are considered successful for the purposes of this portion of the discussion. 

In table 7 are listed the cavities unclosed by complete primary thora- 
coplasty with data regarding their size and position, regeneration of 
ribs and the present status of the cavities and the patients. In 149 of the 
177 patients (84.2 per cent) in the entire series the cavities lay in posi- 
tions 1, 2, and 3 (figure 1) above the sixth posterior rib while in 137 of the 
162 traced patients (84.6 per cent) with complete thoracoplasties the 
cavities lay in these three positions. Since in 118 of the 139 patients 
(84.9 per cent) with cavities closed by primary thoracoplasty the cavities 
lay in these positions and in 19 of the 23 patients (82.6 per cent) with 
cavities not closed by primary thoracoplasty the cavities lay in these 
positions, there seems to be no significant difference in distribution of 
the cavities in the groups closed and unclosed by primary thoracoplasty. 
Owing to the lack of a sufficient number of lateral roentgenograms ade- 
quate data are not available as to the location of cavities in the anterior 
and posterior portions of the thorax; at present lateral films are taken 
routinely before thoracoplasty. 

With regard to cavity size it may be noted that in only one out of 32 
(3.1 per cent) cases did a single cavity smaller than 4 cm.’ in area fail 


SOMMER AND EHLER 


TABLE 5 
Size of roentgenological image of cavities 


IN 162 CASES WITH 
IN 177 CASES COMPLETED 
THORACOPLASTY* 


Less than one square centimetre 3 
1-4 square centimetres 29 
4-9 square centimetres 30 
9-16 square centimetres 39 

16-25 square centimetres 16 

25-36 square centimetres 10 

36-49 square centimetres 

49-64 square centimetres 

64-81 square centimetres 

More than 81 square centimetres 

Multiple large cavities 

Multiple small cavities 


* The untraced case is not included. 


TABLE 6 
Location of cavities according to figure 1 


NUMBER IN 162 CASES WITH COM- 


NUMBER IN 177 CASES PLETED THORACOPLASTIES* 


32 


* The untraced case is not included. 


686 
POSITION 
1, 2, 3, 4 33 
1, 2,3 30 28 
1,2 27 24 
2 27 25 
2,3 26 23 
1 20 20 
3 12 10 
1, 3 
1, 2, 3, 4, 5 
4,7 
2, 3,4 
2, 3, 4, 5 
3,5 
5 
7 
1, 5 
1,7 
3,7 
2, 3, 5 
3, 4, 5 
4, 5, 6,7 
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to close after primary thoracoplasty. If the single cavities less than 4 
cm.? in area are grouped with the multiple small cavities it may be seen 
that only 4 of 58 (6.9 per cent) failed to close. Thirteen of the 69 
cavities (18.8 per cent) between 4 and 16 cm.? in area failed to close after 
primary operations, and 6 of the 34 (17.6 per cent) greater than 16 cm.? 
in area failed to close after primary thoracoplasty; in this last group one 


very large cavity was drained after three thoracoplasty stages. These 
figures seem to bear out the opinion that large cavities are more difficult 
to close than are small ones. Interestingly enough, however, none of the 
8 cavities larger than 36 cm.? in area failed to close with primary thoraco- 
plasty. 

Unsatisfactory results of thoracoplasty are at times attributable to 
regeneration of ribs before the final stage of the operation has been per- 
formed. Regeneration usually takes place because of lack of care in 
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the thorough formalinization of all periosteal tags after rib removal, 
although there is evidence that at times regeneration will take place in 
spite of thorough formalinization. Stiffening of the soft tissues of the 
thoracic wall during delayed operations also may interfere with collapse. 
During the 23 unsuccessful primary thoracoplasties, marked regenera- 
tion of ribs occurred in 6 instances, moderate in one, and slight in 11. 
In 3 cases necessary delays in the completion of thoracoplasty lengthened 
the period of operation to nineteen, eighteen and eight months, respec- 
tively; the 2 cases with final, supplementary anterior and posterior stages 
added after long intervals are not properly included in this.group. The 
evidence presented leads one to the conclusion that rib regeneration 
probably played a considerable part in making delayed thoracoplasties 
ineffective, especially since secondary thoracoplasty closed the cavities 
in all 6 cases with marked regeneration. 

The results of 12 secondary thoracoplasties have been very satisfactory 
since cavities have been closed in 11 (91.7 per cent); the sputum of one 
of these patients with closed cavity remains positive because of a contra- 
lateral spread of tuberculosis occurring after the final secondary stage. 
One cavity originally situated in positions 1, 2, and 3 (figure 1) remains 
open following secondary thoracoplasty in spite of the removal of all 
regenerated ribs. The tuberculosis of 10 patients with closed cavities 
and negative sputa is classified as arrested or apparently arrested in 6 
instances and quiescent in 4. 

With such good results from secondary thoracoplasty an explanation 
should be given as to why it has not been used for all patients with 
cavities not closed by primary thoracoplasty. Active contralateral 
pulmonary tuberculosis prevented secondary thoracoplasty in 4 patients 
and dyspnoea in 2, in one of whom little regenerated rib is present. The 
sputa of two additional patients have only recently again become posi- 
tive; no cavity is visible in the roentgenograms of one of these patients. 
One patient with an open cavity died of a pneumococcus empyema before 
a secondary thoracoplasty was advised by his attending physician at 
home. The 2 remaining patients have been discharged from sanatoria, 
although one had an open cavity and the other probably has. 

Two secondary thoracoplasties have been supplemented with tempo- 
rary phrenic nerve paralysis. In 12 instances, primary thoracoplasty 
has been supplemented with temporary phrenic nerve paralysis and in 
2 instances with permanent phrenic paralysis. 

In review, 162 complete primary thoracoplasties in traced patients were 
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successful in closing the cavities of 139 patients (85.8 per cent). Second- 
ary thoracoplasty closed the cavities of an additional 11 patients bringing 
the total number of patients with closed cavities to 150 (92.5 per cent). 
If the 10 patients dying of nontuberculous causes, of contralateral tuber- 
culosis, of unknown causes or living with positive sputa arising from the 
contralateral lung or from ulcerative tuberculous bronchial lesions are 
subtracted from the 150, there remain 140 living patients with closed 
cavities and negative sputa. 

In this paper only brief mention has been made of the important prob- 
lem of tuberculous tracheobronchitis and its relation to thoracoplasty 
results. An article on this subject is now being prepared for publication 
by John Alexander and the present authors. 


SUMMARY 


A study has been made of 177 consecutive patients whose pulmonary 
tuberculosis was treated by extrapleural thoracoplasty. Follow-up 
information has been secured on all but one patient. One hundred and 
forty patients (79.1 per cent) are living with closed cavities and sputa 
negative for tubercle bacilli. Of the 155 living traced patients 90.3 
per cent have closed cavities and negative sputa. Twenty-one of the 
176 traced patients (11.9 per cent) have died, of causes directly or in- 
directly connected with operation (3.9 per cent), one of suicide while in 
the University Hospital (0.6 per cent), and 13 following their discharge 
from the University Hospital (7.3 per cent). The 162 completed primary 
thoracoplasties on traced patients were successful in closing the cavities 
of 139 patients (85.8 per cent); the cavities of an additional 11 patients 
were closed by secondary thoracoplasty, bringing the total having 
closed cavities to 150 (92.5 per cent). Secondary thoracoplasty was 
successful in closing the cavities of 11 of 12 patients (91.7 per cent). 

While the size of pulmonary cavities appears to be of significance in 
affecting thoracoplasty results, more important factors are incomplete 
operation, contralateral active tuberculosis and early regeneration of 
resected ribs. The patient’s age, duration of tuberculosis, the presence 
of pneumothorax with or without effusion or empyema, and the position 
of cavities in the lung seem to be of relatively little significance. 

The authors acknowledge with appreciation the advice and assistance of Dr. Fred. J. 
Hodges in this study. 
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TUBERCULOUS TRACHEOBRONCHITIS! 
A Review 
ROBERT S. JENKS* 


The importance of tuberculosis of the trachea and major bronchi 
received little attention until the last decade, in spite of the fact that the 
complication has been described in autopsy findings for nearly sixty 
years. Clinical recognition of the condition has been a recent accom- 
plishment as evidenced by isolated case reports which appeared in the 
literature in 1928 (1), 1934 (2), 1935 (3) and even in 1939 (4). In 1931 
Clerf (5) pointed out the value of bronchoscopy as an aid in the diagnosis 
of otherwise unexplainable symptoms and signs occurring in the course 
of pulmonary tuberculosis. In 1934 C. and C. L. Jackson (6) described 
the bronchoscopic appearance of tracheal and bronchial lesions as they 
had seen them coincident with pulmonary tuberculosis, and in 1936 
Samson (7) further described the réle of bronchoscopy in tuberculous 


tracheobronchitis. Recently Shipman (8) has again emphasized the 
importance of bronchoscopy in patients exhibiting certain presumptive 
signs of tuberculosis without positive sputum or roentgenographic find- 
ings. As yet, however, little actual progress has been made in the 
treatment of these lesions in spite of more general use of the bronchoscope, 
and it is for this reason that thoughtful consideration of the problem is 
highly indicated. 


DEFINITION 


Tuberculous tracheobronchitis is defined as a specific inflammation 
of the trachea or major bronchi caused by the tubercle bacillus. The 
lesion may involve one or more of the layers forming the walls of the 
affected area. In this discussion the term “major bronchi’’ is used as 
denoting both main bronchi and their primary divisions into lobar 
branches only, tuberculosis of the smaller bronchi being considered an 


1From the Department of Surgery, New York State District Tuberculosis Hospital, 
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integral part of tuberculosis of the lungs in the majority of instances. 
Tuberculous tracheobronchitis is to be distinguished from tracheobron- 
chial tuberculosis, which is a term which has been employed to denote 
tuberculosis of the tracheobronchial lymph nodes. 


PATHOGENESIS 


The pathogenesis of tuberculous lesions in the trachea and major 
bronchi may take place in four ways: (/) implantation or direct contact, 
(2) continuity, (3) contiguity, (4) haematogenous dissemination. By 
implantation is meant infection of the tracheobronchial mucosa by 
continued contact with bacilli-laden sputum. It is possible also that 
implantation of the infection can take place by inhalation. On the 
basis of 122 autopsies, Bugher, Littig and Culp (9) concluded that the 
mode of infection was predominantly one of direct contact with bacil- 
liferous sputum, tubercle bacilli entering the walls either through ducts of 
the mucous glands or directly through the epithelium. Reichle and 
Frost (10), however, stated that in their opinion this mode of infection 
was unimportant because of the defensive barriers of the bronchi, namely 
cilia, mucous glands and bronchial peristalsis. 

Infection by continuity denotes direct extension or spread of the 
tuberculous process from the edge of a cavity or other active pulmonary 
focus along the wall of the draining bronchus and eventually to the 
major bronchus or trachea. 

Infection by contiguity of tissue indicates extension of disease from a 
pulmonary or nodal focus to the major bronchus or trachea through 
intermediate peribronchial or peritracheal tissue, particularly the 
lymphatics. This mechanism was thought by Reichle and Frost to be 
the most important one because the mucous glands of the trachea and 
bronchi, particularly their extracartilagenous portions, are close to the 
infected lymphatic channels, peribronchial nodes or even infected alveoli. 
Bugher, Littig and Culp considered this process less important than 
implantation but stated that “in an appreciable number of instances 
the invasion is by direct extension from peribronchial structures.” 
They added that extension into the trachea from peritracheal tissues by 
any route is unimportant. In view of this statement, recent autopsy 
findings in a case at this hospital are interesting and enlightening. A 
rather large tuberculoma was found in the left side of the trachea just 
above the orifice of the left main bronchus partially obstructing the 
bronchial opening. This granulomatous lesion was continuous with a 
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tuberculous lymph node located on the outer side of the tracheal wall. 
There was no other marked tracheal lesion and the conclusion of the 
pathologist was that this represents a case of direct extension into the 
trachea from a tuberculous lymph node, or in other words, infection in 
the trachea by contiguity. 

The possibility of infection of the trachea or major bronchi by haema- 
togenous route is one which should not be overlooked. This mode of 
infection has not been the subject of detailed study or discussion in 
the literature. Bugher, Littig and Culp considered this mechanism to be 
of no consequence in establishing tracheal or bronchial lesions because 
of the relatively low incidence in their series of tuberculous tracheo- 
bronchitis in the miliary (proved haematogenous) as compared to the 
nonmiliary group. 

All the above mentioned modes of infection occur and it is still too 
early to state dogmatically that any particular one is preéminent in 
importance in the pathogenesis of these lesions. 


OCCURRENCE 


Tuberculous tracheobronchitis may occur as a complication in any 
case of pulmonary tuberculosis whether it be minimal, moderately ad- 


vanced or advanced, and it may be the primary focus of active disease. 
Bugher, Littig and Culp found in their autopsy series an incidence of 41 
per cent of involvement of the trachea or major bronchi or both, and 
stated that all these cases were ones of relatively long duration and had 
sputum rich in tubercle bacilli. A more recent series of 285 autopsies is 
reported by Flance and Wheeler (11) in which they discovered an inci- 
dence of 3.1 per cent. In the former series the diagnosis was based on 
microscopical findings and in the latter on gross recognition of the lesions, 
but even so the difference in the results is striking. To consider either 
of these figures based on autopsies as an accurate guide to general inci- 
dence of the complication is obviously erroneous when one considers 
that the majority, if not all cases dying of pulmonary tuberculosis have 
far advanced disease. Although tuberculous tracheobronchitis may 
be assumed to be more frequent in far advanced cases, it is not uncom- 
monly found in minimal and moderately advanced cases. A more ac- 
curate impression of the probable general incidence can be gained from 
the carefully controlled bronchoscopic studies of MclIndoe, Steele, 
Samson, Anderson and Leslie (12) done on 272 patients as routine 
admissions. In this series 11 per cent were found to have demonstrable 
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tuberculous tracheobronchitis. Of the 272 patients, 13.2 per cent were 
classified as having minimal, 54.1 per cent moderately advanced, and 
32.7 per cent far advanced pulmonary tuberculosis. In another series 
of routine admission bronchoscopies, Myerson (13) reports an incidence 
of approximately 24 per cent. Barnwell, Littig and Culp (14) reported 
a clinical series of 9 cases of ulcerative tuberculous tracheobronchitis, 
only one of which occurred in a case classified as advanced on admission. 
It should also be noted that there have been several cases reported in 
which the tracheal or bronchial lesion was considered primary (4, 6, 
8, 14, 15) and in one of these was the only tuberculous lesion ever found, 
even at postmortem (16). In this group the tracheal or bronchial le- 
sions have been shown to be responsible for positive sputum findings and 
pulmonary involvement developed subsequently. In general, however, 
it must be admitted that the complication is more frequently seen in 
cases of long standing and with sputum of high bacillary content. 


PATHOLOGY 


The lesions are prone to occur on the posterior and posterolateral 
walls of trachea and bronchi, possibly due to the habitual supine position 
of bed patients. In our experience we have gained the impression that 
the occurrence of tuberculous tracheobronchitis has been far more fre- 
quent in females than in males and believe this to be the experience of 
other investigators. No more plausible explanation for this has been 
offered than the fact that women do not raise and expectorate sputum as 
efficiently as men, and there is therefore more prolonged contact between 
bacilli-laden sputum and the trachea and major bronchi. Early lesions 
are found to be tubercles in the mucosa or submucosa. These tubercles 
may caseate, ulcerate or form granulomatous masses. Congestion and 
oedema of the surrounding mucosa and submucosa are almost constant 
and may be very marked. Dilatation of the mucous glands and increased 
secretion of mucin is an important factor. Ulcerations seldom occur 
singly and show a marked tendency to spread, sometimes even involving 
the entire surface of the trachea or major bronchi. Microscopical ulcera- 
tion probably occurs in the majority of cases. There has been shown to 
be a marked tendency for the disease to spread beneath the mucous 
membrane which itself may remain quite normal until ulceration finally 
takes place. When healing takes place it is by fibrosis and may result 
in varying degrees of stenosis or even complete occlusion. This may 
follow any type of involvement, even without ulceration. Small areas 
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of ulceration may heal without much constriction but, if they are exten- 
sive, circumferential or involve cartilage, fibrostenosis will result. 
Fibrous contraction of a considerable length of trachea or major bron- 
chus may result from extensive submucosal infiltration without ulcer- 
ation. 


APPEARANCE AND CLASSIFICATION 


Tuberculous tracheobronchitis as described by bronchoscopists has 
led to a variable classification of lesions but all those described probably 
represent different stages in the same process. The simplest classifica- 
tion denotes four types of lesions (17). 


1: Nonulcerative, nonstenotic group. In this group mucosal or submucosal 
tubercles may be seen, the mucous membrane being reddened, rough and 
granular, and may bleed easily on instrumentation. A variable amount of 
oedema may be present. 

2: Hyperplastic, granulomatous, or “tuberculous tumor” (18) lesions. There 
is submucosal proliferation with tuberculoma formation with a degree of in- 
flammatory swelling which may produce stenosis. 

3: Ulcerative lesions. Ulcers may be discrete, saucer-like, shallow and with 
smooth base and sides, or confluent, and diffuse with granulating base and 
rough, ragged edges possibly involving cartilage. There may be heaped-up 


granulation tissue overlying and concealing ulceration but when considerable 
granulation tissue is present ulceration may be inferred. 

4: Fibrostenotic group. This is probably the result of healing. Evidence 
of activity may also be present, however, in the form of residual ulceration. 
The lumen may be slightly constricted or completely occluded as a result of the 
fibrosis. 


Occasionally a tracheobronchial lymph node breaks through a bron- 
chial wall and discharged caseous or calcareous material may obstruct 
the lumen. This seldom occurs in adults. Extrinsic pressure of tuber- 
culous nodes causing stenosis is not considered tuberculous tracheo- 
bronchitis. 

In any disease, nomenclature is important in that it affords a common 
ground for understanding of terms. To be most useful the nomenclature 
or classification should be as simple as possible, and give as much informa- 
tion as possible in the briefest possible manner. With this fact in mind 
the following classification of tuberculous tracheobronchitis is suggested. 


Tuberculosis of the trachea and/or bronchus (state loca- 
tion of lesion), with or without ulceration, and with or without stenosis. 
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Further qualification of the disease as to the nature of the involvement 
must of course be included in the bronchoscopic report, but the important 
factors may be noted at a glance by the clinician and accurate filing of 
records is facilitated. 


DIAGNOSIS 


In general, findings suggestive of tuberculous tracheobronchitis may 
be divided into subjective symptoms, physical signs, sputum changes 
and roentgenographic evidence. 

Symptoms: The most common symptom is audible wheezing, inspira- 
tory or expiratory, usually persisting after all sputum has been raised. 
Many patients complain of pain in the chest, pulling sensation, or 
inability to get a deep breath, all the symptoms being related to the 
involved area. Asthmatoid attacks are frequent and these have often 
been wrongly diagnosed as allergic asthma or asthmatic bronchitis. 
Asthma does occur with tuberculosis but it is probable that the majority 
of tuberculous patients exhibiting asthmatic symptoms have tuberculous 
tracheobronchitis. A dull, persistent hacking cough, which is non- 
productive, has been noted in some cases. 

Physical signs: Physical examination reveals certain typical signs. 
Parasternal or paravertebral rhonchi, dyspnoea without comparable 
pulmonary involvement or reduction of vital capacity are highly sugges- 
tive. Cyanosis may accompany dyspnoea and, in cases of marked tra- 
cheal or bilateral bronchial obstruction, may be severe and alarming. 
In these cases other signs of air hunger will appear. Unexplained or 
capricious elevations of temperature may occur due to toxicity of retained 
secretions, pneumonitis, spread of disease, or pneumonia, developing 
peripheral to a partially or wholly blocked bronchus. Physical signs 
of atelectasis will appear only if a bronchus is suddenly completely 
occluded and these findings have been thoroughly described by Eloes- 
ser (19). Ifa bronchus is partially blocked, signs of emphysema may 
develop. 

Sputum changes: The occurrence of a persistently or even occasionally 
positive sputum in the presence of well controlled parenchymal disease 
is always suggestive of tuberculous tracheobronchitis. Sputum may be 
unusually tenacious and difficult to raise, the daily amount may vary 
markedly, or there may be an abnormally large amount of sputum con- 
sidering the extent of the pulmonary lesion as demonstrated by roent- 
genogram. 
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Roentgenological findings: Roentgenological evidence is nearly always 
based on stenosis or occlusion, perhaps the most frequently described 
finding being “‘atelectasis.””’ The term “atelectasis” is frequently mis- 
used by authors and roentgenologists because it has been employed 
incorrectly to cover a variety of pathological changes producing roent- 
genological densities. A far better term would be partial or complete 
collapse. Atelectasis means only complete airlessness of lung tissue as 
emphasized by Pinner (20). The process is a reversible one and occurs 
only after complete, sudden occlusion of the airway or pulmonary artery. 
The term “partial atelectasis,” so frequently used, should be abandoned 
as ungrammatical and medically incorrect. Sudden collapse of a whole 
lung, lobe or lobule occurring during the course of pulmonary tubercu- 
losis, with or without coexisting collapse therapy, is, aside from spon- 
taneous pneumothorax, most frequently caused by occlusion of an airway 
due to tuberculous tracheobronchitis. Roentgenographic evidence of 
emphysema will be seen if obstruction is partial and of the check-valve 
type. Narrowing of the trachea or bronchi is sometimes demonstrated 
by Bucky films. Cases exhibiting cavities with fluid levels, cavities 
which fluctuate in size, those which increase in size with pneumothorax 
or fail to close after otherwise successful pneumothorax, so-called hilar 
cavities, cavities with extreme perifocal reaction and large round thin- 
walled cavities, should be investigated for possible presence of tuberculous 
tracheobronchitis (21). Fluctuant areas of infiltration and cases in 
which bronchogenic spread occurs without cavity or haemorrhage are 
suggestive of tracheal or bronchial involvement. Bronchography by 
means of opaque oil will show stenosis or occlusion in the affected areas, 
but this is not a procedure to be recommended in the presence of active 
tuberculous disease. 

Positive diagnosis is dependent on bronchoscopic examination. The 
bronchoscopic appearance of the lesions has been mentioned above. In 
differential diagnosis by bronchoscopy, nonspecific inflammations and 
ulceration, erosion of nodes into the trachea and bronchi, syphilis, 
neoplasms, rhinoscleroma, asthma and extrinsic pressure from nodes and 
tumors must be considered. These differential points have been thor- 
oughly discussed by Samson (7, 22). In general it is true that tuber- 
culous tracheobronchitis is by far the most frequent cause of lesions 
appearing in the airways during the course of pulmonary tuberculosis. 
Biopsy of the lesions has been done in the past, but is now condemned 
because the information obtained is not worth the risk involved (14, 
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17, 22). The added trauma may cause increased oedema and obstruc- 
tion sufficient to initiate alarming symptoms. Such a procedure also 
opens a new raw surface which may serve as an avenue for further infec- 
tion; it opens the possibility of haemorrhage with bronchogenic or 
haematogenous spread of disease. Biopsy should be reserved for cases 
in which the lesion is thought not to be tuberculosis. 

The most important basic factors suggestive of tuberculous tracheo- 
bronchitis are, first, narrowing of the lumen of the air passage involved, 
leading to incomplete or complete obstruction; and, second, change in 
the secretions themselves. A fact worthy of note is that these changes 
occur most frequently in lesions which are well established and usually 
progressive in nature, the diagnosis being much less often made during 
the initial stages of the disease. This may in part explain the gravity 
of the diagnosis and contribute to the poor results of treatment. 


BRONCHOSCOPY 


Bronchoscopy is indicated in nearly all cases in which a diagnosis of 
tuberculous tracheobronchitis can be made or reasonably suspected by 
the clinician. This is especially true at the present time since only 
repeated observation of these lesions and treatment of the suitable ones 
can add to our present knowledge of the behavior of the complication 


and lead to the evolution of rational therapy. In nontuberculous disease 
the contraindications to bronchoscopy are few and usually the condition 
demanding bronchoscopy overshadows the contraindications. Jackson 
cites aneurysm, hypertension, advanced cardiac disease and acute infec- 
tious diseases as conditions which render bronchoscopy inadvisable 
unless necessary and make postponement desirable (23). In tuber- 
culosis, bronchoscopy is usually an elective procedure, hence more 
thought must be given to these contraindications. The most frequently 
mentioned specific contraindications in the tuberculous patient are 
ulcerative disease of the larynx, recent haemorrhage, hopelessly advanced 
pulmonary disease and extensive tracheal lesions, except where relief 
of suffocation is indicated. The possibility of irritative oedema following 
bronchoscopy has been mentioned (14). Amberson (24) recently noted 
two instances of spread of parenchymal disease soon after bronchoscopy 
in which he thought the occurrence might have been more than merely 
coincidental. He suggested the possibility that abolishing of the cough 
reflex by anaesthesia might be a significant factor. The cough reflex, 
however, is abolished for a short period of time only and, too, many 
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patients cough considerably immediately following removal of the bron- 
choscope. Secretions from the airways are aspirated during the course 
of bronchoscopy and it seems logical that the likelihood of spread of 
disease following bronchoscopy is hence less than before. However, it 
may be suggested that, in order to minimize what hazard there is from 
loss of cough reflex, patients be instructed to lie on the affected side 
following bronchoscopy until cough reflex is regained, as is done with 
thoracoplasty patients. There is considerable evidence to support the 
view that no harm results from careful bronchoscopy if the contraindica- 
tions are respected. In a series of 272 routine bronchoscopies in tuber- 
culous patients recently reported (12), careful check-up was carried out 
following bronchoscopy to determine any possible deleterious effects of 
this procedure. Spread of pulmonary disease (within three weeks) was 
reported in 4 cases and the investigators stated this to be no more than 
the average expectancy in any such group without bronchoscopy. No 
other harmful effects were noted aside from transient hyperaemia of the 
larynx. Hawkins (21) reported a series of 516 bronchoscopies on tuber- 
culous patients, only one of whom showed spread of infiltration following 
the procedure. Spread of pulmonary disease was noted in only 2 cases 
following 198 bronshoscopies reported by Warren, Hammond and Tut- 
tle (28). Packard and Davison (25) reported 8 patients with tuber- 
culous tracheobronchitis who were treated by repeated bronchoscopy at 
intervals of two to four weeks for a period of twenty months and no 
resultant laryngeal complications or spread of parenchymal lesions were 
seen. It is certain that bronchoscopy is not a hazardous procedure and 
at present it is by far the most promising means to control a perplexing 
complication of a destructive disease. 


TREATMENT 


Treatment of tuberculous tracheobronchitis has not advanced greatly 
since the complication has been recognized and authorities differ as to 
the effectiveness and safety of various types of therapy. No articles 
have appeared evaluating accurately any type of treatment. In the 
way of general treatment, high vitamin C diet is thought to be bene- 
ficial (21). Subcutaneous injections of tuberculin have proved ineffective 
(7, 17, 22). Antispasmodics, atropine, adrenalin, elimination of aller- 
gens, autogenous sputum vaccines, ammonium chloride and cough syrups 
have afforded temporary relief at best. Roentgen treatment has been 
productive of good results in some cases, though a few were thought to 
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have been made worse (14, 17). There is indication that generalized . 
ultraviolet radiation may be of value (26). There is no treatment which 
has been described as directed toward nonulcerative and nonstenotic 
lesions except direct ultraviolet (mercury vapor) lamp as applied by 
Kernan (27), who uses this therapy for ulcerations and “tuberculous 
tumors” as well. The lamp is applied to the affected area through the 
bronchoscope for a period of twenty minutes at intervals of two to three 
weeks. No results of this therapy have been published, but Doctor 
Kernan believes the lesions heal more rapidly and in a larger percentage 
of cases, and that there is less fibrous contraction as a result of healing. 
When considerable oedema and congestion accompany the hyperplastic 
types, temporary or sometimes protracted relief may be obtained by the 
application of a solution of equal parts of 10 per cent cocaine and adren- 
alin 1:1000. Barnwell, Littig and Culp reported spontaneous regres- 
sion in the majority of their cases with hyperplastic lesions. 

Ulcers are almost universally treated by some form of cauterization. 
Silver nitrate as a topical application is most frequently used and in 
percentages from 5 to 30. Some men claim that the higher precentages 
cause greater scar formation, while others state that the lower percentages 
are ineffective. Warren, Hammond and Tuttle (28) have reported a 
series of 57 patients in whom ulcerative lesions were treated by electro- 
surgical cautery together with silver nitrate, with healing in 59 per cent. 
They used the electrocautery in discrete ulcerations and 30 per cent 
silver nitrate in the granulating type. In 4 cases they removed tuber- 
culomata by biopsy forceps and cauterized the base of the lesion. Pack- 
ard and Davison also reported good results by the use of electrocautery. 
Samson (29) stated that his best results were obtained by high frequency 
electrocautery. One fatal result due to haemorrhage following electro- 
cautery was reported by Kernan and he has abandoned this type of 
treatment as unsafe. Jackson (30) has used chaulmoogra oil as a topical 
application to ulcers but is not enthusiastic about theresults. Hawkins 
states that ulcers actively treated heal more rapidly than those left alone. 
Myerson (31) believes that most ulcers heal spontaneously and that those 
which do not heal thus will not do so under any treatment. He advises 
against removal of tuberculomata by biting forceps because of the danger 
of spread of pulmonary disease. 

Stenoses are treated variously. If no surrounding granulation or 
ulceration exists, dilatation by bougies may be attempted. This pro- 
cedure may be successful in establishing temporary drainage of the 
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. blocked secretions. The frequent involvement of a considerable area 
of bronchus by fibrostenosis makes attempts at permanent dilatation by 
bouginage discouraging or impossible. Localized fibrostenotic rings may 
be amenable to severance by electrocautery. Kernan (27) has used a 
copper bougie tipped electrode with a 2 to 3 milliampere ionization cur- 
rent applied for two to three minutes in an attempt to soften fibrostenosis, 
and feels this may be of help. He states that, if the lung distal to the 
stenosis is well collapsed by pneumothorax or thoracoplasty and there 
are no signs of retained toxic secretions, occlusion should be encouraged. 
This he has been able to accomplish in 2 cases by using 7 to 8 milliamperes 
of ionization current in the copper electrode and these patients have no 
untoward symptoms to date. Eloesser states that stenoses per se require 
no treatment and that, if there is no suppurative process behind the 
block, occlusion is desirable and may cure the tuberculous process distal 
to it. He reports 2 cases in which suppuration with bronchiectasis or 
abscess behind hopelessly stenosed bronchi were successfully treated by 
radical surgery, one by open thoracotomy and the other by lobectomy. 
Both wounds healed and symptoms were relieved. Shipman (26) men- 
tioned one case in which a middle and lower lobe lobectomy was done by 
Brunn because of retention of tuberculous pus distal to bronchial stenosis. 
Recovery was good. Samson (29) has also recommended consideration 
of lobectomy, pneumonectomy, or external drainage of cavities in the 
treatment of secondary effects of marked bronchial obstruction. Steno- 
sis of the trachea is always serious and attempts at dilatation have been 
productive of uniformly bad results. 

Symptomatic relief from obstruction is sometimes obtained from 
simple aspiration. Complete occlusion may be due to tenacious spu- 
tum which the patient is unable to raise and this can be removed with 
relief to the patient, occasionally proving a life saving measure. Caseous 
material from ruptured nodes can occasionally be aspirated broncho- 
scopically and broncholiths have been removed. Removal of crusts on 
ulcers or excision of granulation tissue is unwise as subsequent bleeding 
is usually productive of larger crusts, serious oedema and possibly spread 
of disease. 


COLLAPSE THERAPY 


Collapse therapy in the presence of tuberculous tracheobronchitis 
must be approached with caution and bronchoscopy is always indicated 
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before the inception of any collapse program. It is well known that no 
form of collapse therapy is adequate to control tuberculous tracheo- 
bronchitis in the more advanced stages, even though parenchymal disease 
is well under control. Tracheal and bronchial ulcers once formed are 
self propagating and do not depend on bacilli-laden sputum from the 
lungs to perpetuate them. In a series of 17 cases in the ulcerative and 
stenotic group studied by Samson (22), 16 received collapse therapy of 
one sort or another, yet one-half of the tracheal or bronchial lesions 
did not develop until after inception of collapse and some not until the 
parenchymal disease was considered well controlled. It is questionable 
that the formation of tuberculous tracheobronchial lesions is encouraged 
by collapse therapy but lesions already present and symptoms from them 
may well be aggravated. It is therefore obviously highly desirable that 
the clinician be aware of any possible tuberculous tracheobronchitis 
before recommending initiation of a collapse program. ‘This information 
can be imparted to him by the bronchoscopist and errors avoided. 

In the group of nonulcerative, nonstenotic lesions with no significant 
narrowing by oedema or hyperplasia, temporary or permanent collapse 
measures are not necessarily contraindicated. Ornstein and Epstein 
have recommended pneumothorax in all cases of tuberculous tracheo- 
bronchitis, most particularly in cases where there is little or no pulmonary 
disease present. They are of the opinion that this procedure is a safe- 
guard against retrograde infection of the lung from the bronchial lesions. 
Most observers, however, are of the opinion that in the presence of ulcera- 
tive lesions collapse measures are contraindicated until healing without 
significant fibrostenosis can be demonstrated. In fibrostenotic lesions, 
collapse therapy is contraindicated until sufficient drainage of the area 
distal to the constriction can be obtained and then thoracoplasty is to 
be preferred to any temporary measures. 

In the literature regarding tuberculous tracheobronchitis, little men- 
tion has been made of the important distinction between temporary 
collapse measures, that is, phrenic nerve operations and pneumothorax 
in particular and permanent collapse therapy, namely thoracoplasty. 
This differentiation is particularly significant in cases complicated by 
tuberculous tracheobronchitis because of the difference in final anatomical 
results. In the case of hypotensive pneumothorax or phrenic nerve 
operations, pulmonary tissue is relaxed and diminished in volume but 
continues to expand and contract albeit to a lesser degree. In the case 
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of thoracoplasty, however, the collapse of the affected lung tissue is 
more nearly complete, the function of the collapsed lung is greatly 
decreased or ceases, and better control of pulmonary disease distal to 
bronchial lesions is obtained. Following temporary collapse measures, 
diminution of tussive force behind tenacious secretions, shortening of 
bronchi which are oedematous or fibrostenotic, or kinking of bronchi 
will all too frequently lead to increased or complete blockage and poor 
drainage with resultant pneumonitis, increased parenchymal disease or 
complete collapse with fibrous contraction of the lung. Annoying wheeze 
may be relieved by pneumothorax but only by resultant occlusion of the 
offending bronchus and cessation of the passage of air. Consequently, 
the effectiveness of pneumothorax, even before the optimum degree of 
collapse of pulmonary tissue has been attained, is defeated and the condi- 
tion unimproved or even made worse. Following any temporary collapse 
program in the presence of ulcerative or stenotic bronchial lesions, reéx- 
pansion will be difficult or impossible due to the secondary changes in 
the lung or obstruction of bronchi which hence will admit no air. The 
lung or portions of it thereby become permanently collapsed by a tem- 
porary measure which from then on must be repeated ad infinitum, with 
no guarantee as to the final fate of the pulmonary tissue. As has been 
shown by Shipman (26), cavities whose bronchi contain significant 
stenosis due to tuberculous lesions cannot be closed by pneumothorax. 
If a check-valve mechanism exists enlargement of the cavity may be the 
result of pneumothorax and fluid levels not previously seen are to be 
expected. In such cases, if the stenosis can be shown to be fibrotic in 
nature and the lesion of the affected bronchus is not active, a permanent 
collapse measure, that is, thoracoplasty, is the procedure of choice and 
should be done following bronchoscopic drainage of the affected area 
providing the tracheobronchial lesion is unilateral as mentioned by Alex- 
ander (32). The bronchus must be kept open until the affected lung is 
collapsed completely and by a permanent measure. Control obtained 
by thoracoplasty offers a far better chance of cure of disease in the lung 
distal to a damaged bronchus than the use of collapse measures which 
allow continued though lessened function. It seems logical to suggest 
here that it is not always wise or necessary to follow the old rule that 
pneumothorax should be tried before thoracoplasty is contemplated. 
The concept that thoracoplasty is to be considered an important primary 
method of control of pulmonary tuberculosis distal to stenotic bronchi, 
rather than a complement to pneumothorax failures, must be fostered. 
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PROGNOSIS 


The prognosis for cases of pulmonary tuberculosis in which a diagnosis 
of tuberculous tracheobronchitis has been made depends largely upon 
the state of the latter lesion. If the involvement of the trachea or 
bronchi is of the nonulcerative and nonstenotic type the prognosis may 
be somewhat guarded but not greatly affected unless the complication 
progresses. In the group with ulcerative and stenotic changes the prog- 
nosis is definitely poor. In a group studied between 1934 and 1937 and 
reported by Bugher, Littig and Culp, 47 per cent of patients having 
ulcerative or stenotic lesions of the trachea or bronchi died within a year 
after the diagnosis was made. Another small group of 17 patients with 
ulcerative or stenotic lesions has been repeatedly reported (7, 9, 17, 22), 
in which 52.9 per cent died within one year after the diagnosis was made. 
A series of 9 cases with ulcerative lesions, probably a part of the same 
group, was reported by Barnwell, Littig and Culp (14), in which 4 
were dead in nine to sixteen months after the diagnosis was established 
by bronchoscopy; none of the remaining 5 were improving. Ina selected 
group of 57 patients with ulcerative lesions treated by cautery sometime 
during a two-year period, Warren, Hammond and Tuttle reported healing 
in 34, or 59 per cent, only 2 deaths and 9 cases still under treatment. 
Packard and Davison reported a series of 8 patients in which 5 were 
clinically well after twenty months of local treatment. The outlook for 
the patient with tuberculous tracheobronchitis is much less serious if the 
lesions are discovered early and treated actively. Intelligent manage- 
ment of collapse therapy, whether employed or not, is an important 
factor influencing prognosis. 


SUMMARY 


A rather comprehensive review of the American literature concerning 
tuberculous tracheobronchitis is presented, together with comments and 
interpretations of the author. Tuberculous tracheobronchitis is de- 
scribed as to pathogenesis, occurrence, bronchoscopic appearance, diag- 
nosis and treatment, and a simple classification of lesions is presented. 
Findings suggestive of the complication are discussed with reference to 
symptoms, signs, sputum changes, roentgenographic and bronchoscopic 
appearance. ‘These findings occur in one combination or another con- 
sistently enough to make clinical suspicion of tuberculous tracheobron- 
chitis easy and a definite diagnosis may be established by bronchoscopy. 
Special attention is given to the consideration of collapse therapy in the 
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presence of tuberculous tracheobronchitis, and temporary and permanent 
collapse measures are contrasted. 


CONCLUSION 


Tuberculous tracheobronchitis is a serious complication of pulmonary 
tuberculosis and is important because of the gravity it places on progno- 
sis. The study of the condition is important because a knowledge of it 
may lead the way to explanation of cases of tuberculosis which do not 
respond to treatment in the usual pattern. Since cases complicated by 
tuberculous tracheobronchitis do not respond in the manner of uncom- 
plicated ones, an open mind must be maintained and perhaps new con- 
cepts of therapy in tuberculosis entertained; the pattern must be made to 
fit the disease. Effort must be expended to find effective local treatment, 
and bronchoscopy, performed freely and frequently, is important to this 
discovery. Early recognition of the complication will lead to decrease 


in errors in collapse therapy. 
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ROUTINE BRONCHOSCOPY IN TUBERCULOSIS! 
JOHN C. SHARP anp C. B. GORHAM 


As Shipman (3) pointed out in his paper on The Bronchial Factor in 
Pulmonary Cavitation, the development of a new means of investigation 
frequently has far-reaching consequences. This has been demon- 
strated many times before and so it would seem with bronchoscopy in 
tuberculosis. Although tuberculosis of the tracheobronchial tree has 
been known to, and described by, pathologists for over one hundred 
years, most of them have treated the subject more or less casually. 
Little attention was paid to the problem by clinicians except as to its 
manifestations in the terminal bronchi, as part of the parenchymal 
pathological change and its spread, although suggested by Hunnicutt 
(55) at a meeting of the California State Tuberculosis Association in 
1930. In the past ten years, however, as a result of Eloesser’s (31, 32, 
35, 36) extensive studies of bronchial stenosis and the resultant com- 
plications of pulmonary disease, interest has been stimulated in the 
tracheobronchial lesions of the tuberculous, particularly in relation to 
the difficult complication of stenosis. Samson (1, 17, 14, 20, 26), 
both alone and with coworkers, has covered the subject extensively, 
especially with reference to ulcerative lesions, and has also encouraged 
further thought and study. The excellent papers of Myerson (6), 
Tuttle (5), Hawkins (4), and Ornstein (8, 28) must be mentioned among 
others. 

The pathogenesis and pathological changes have been discussed by 
several authors. Briefly, it is apparent that there are probably two 
methods of the development of tuberculous tracheobronchial lesions. 
One school of thought holds that the tracheobronchial lesions develop 
by continuity through direct extension from neighboring structures 
or through the lymphatics. The other view-point is that the lesions 
develop by implantation of bacillary sputum on the mucosa. Grossly 


1 From the Tuberculosis Division (El Sausal Sanatorium) and Ear, Nose and Throat 
Department (Bronchoscopic Clinic), Monterey County Hospital, Salinas, California. 
2 Presented at the annual meeting of the California State Tuberculosis Association, Santa 
Cruz, California, April 16, 1939. 
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and microscopically, several types of lesions have been observed, namely, 
(1) the diffuse and nodular mucosal or submucosal lesion, (2) ulcerative 
lesions, (3) fibrostenotic lesions, and various combinations of these. 
It is apparent throughout the studies of careful observers that there is 
a considerable variation in incidence. This may be due to a difference 
in material as well as in interpretation. For example, Bugher, Littig 
and Culp (21), in a careful study of the tracheobronchial tree in 122 
autopsies on tuberculous cases, found tuberculous tracheobronchial 
lesions in 41 per cent, whereas, Auerbach (42) on gross examination of 
the tracheobronchial tree, in 316 autopsies, reports only 4.4 per cent 
tuberculous lesions in the major bronchi. It is, however, not enough to 
accept the fact that at the autopsy table tracheobronchial tuberculosis 
is found in a given percentage of cases, as these are terminal cases. 

Due to the work of Chevalier Jackson and his group, the development 
of bronchoscopic examination has led many observers to study the 
tracheobronchial tree in the living, not only from the diagnostic view- 
point, but also in relationship to pulmonary disease, as well as with re- 
gard to the therapy of the local lesions. Jackson (45), Clerf (10, 43, 
46) and Kernan (13, 15) have discussed the indications and contraindi- 
cations for bronchoscopy and have emphasized the fact that bronchos- 
copy in the tuberculous is not contraindicated with certain exceptions. 
These are: (1) acute laryngeal tuberculosis; (2) recent extensive haemor- 
rhage; (3) far advanced tuberculosis with toxaemia and cachexia. 
Even these contraindications may be considered only relative in iso- 
lated cases. In other words, bronchoscopy in the tuberculous is now 
an accepted procedure by many, if not most phthisiologists and bronchos- 
copists. 

Naturally, the next logical step is to inquire into the indications for 
bronchoscopy. Clerf states that the indications are both absolute and 
relative, and lists them as follows: (/) as a diagnostic procedure for dif- 
ferential diagnosis; (2) as a diagnostic study in proved cases of tuber- 
culosis with certain signs and symptoms; (3) to assist in carrying out 
endobronchial procedures, such as the instillation of opaque media or 
for therapeutic purposes. 

The symptoms of tracheobronchial tuberculosis, particularly with any 
degree of stenosis or ulceration, need only be mentioned in passing, as 
they have been classically described many times. These are wheezing 
or asthmatoid attacks, paroxysmal attacks of intractable coughing with 
production of variable amounts of thick tenacious sputum at different 
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intervals, dyspnoea out of proportion to vital capacity with inspiratory 
stridor, cyanosis, constant clearing of the throat, persistently positive 
sputum in the absence of other evidence of pulmonary tuberculosis and 
intermittent atelectasis. It is apparent, in view of the experience of 
many and the recent extensive literature, that these cases should be 
bronchoscoped before any major surgical procedure for diagnostic 
reasons, as well as for therapeutic relief. It is also true that bronchos- 
copy should only be considered as a supplemental part of the complete 
examination of the patient. It also should be stressed that bronchos- 
copy should only be done by trained hands. A thorough knowledge 
of the anatomy of the structures involved is essential.” It should be 
unnecessary to emphasize again that gentleness is of extreme impor- 
tance, and that psychic as well as physical trauma of the patient must 
be avoided. 

In general, most writers are in agreement as to the types of tracheo- 
bronchial lesions visualized through the bronchoscope, and these agree 
well with the pathological classification. Briefly, these are: (/) non- 
ulcerative, nonstenotic mucosal or submucosal lesions with congested 
oedematous granular mucous membrane and occasional discrete tuber- 
cles; (2) hyperplastic lesions which are similar to the first type but are 
greater in degree; (3) ulcerative lesions with diffuse or circumscribed 
loss of mucosa, or with redundant granulation tissue; and (4) fibro- 
stenotic lesions with stenosis and scarring. The appearance of these 
lesions is fairly characteristic, but must be differentiated from non- 
specific bronchitis, neoplasm, syphilis, rhinoscleroma and _ possibly 
changes due to asthma. 

Definite stenotic and ulcerative lesions are much easier to diagnose 
correctly in the presence of pulmonary lesions, but unless definite tu- 
bercles are seen, the early submucosal and mucosal lesions could be 
confused with other lesions, such as nonspecific bronchitis. Jackson 
(45) describes a peculiar pale cyanotic tint which is typical. There 
also may be tiny petechial haemorrhages. Hawkins (4) and Samson 
(14, 26) have both given excellent descriptions of the lesions and the 
latter has called attention to the dangers from biopsy of tracheobronchial 
lesions to prove the diagnosis. Smears may be taken from the granu- 
lation tissue and searched for bacilli. The objection may be raised that 
organisms found may be from bacillary sputum, but if the granulations 
are carefully wiped clean before taking a smear, it may in part meet this 
objection. Furthermore, it seems a logical assumption that if bacillary 
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sputum is deposited on altered mucosa, perhaps due to nonspecific 
bronchitis, a specific lesion may well develop. Gentle curetting of 
early mucosal lesions, followed by cauterization, would perhaps be in 
order with study of the curettings by smear, culture and animal inocu- 
lation. The danger of further trauma and haemorrhage or spread of 
tuberculosis, such as has followed biopsy, must be very carefully con- 
sidered, and the advantage of more accurate diagnosis must be weighed 
against anything which might react adversely on the patient. This 
suggestion has been discussed personally with Samson (40), and as yet 
is purely an idea that remains to be carefully worked out. 

It necessarily, follows that the appearance and extent of the tracheo- 
bronchial lesions will influence the method of treatment of the pul- 
monary parenchymal lesion, as well as the local tracheobronchial lesion 
which, in nearly all cases, is secondary to manifest pulmonary tuber- 
culosis. Rightly or wrongly, the present day treatment of pulmonary 
tuberculosis is more and more becoming a problem of collapse therapy 
or surgery, rather than bed-rest alone, and it would seem that the 
results from collapse therapy certainly justify its increased use when 
combined with bed-rest. The relationship of the tracheobronchial 
lesion in its characteristics and extent to the indications for major 
surgical procedures, such as thoracoplasty and extrapleural pneumo- 
thorax, is definite. 

Intrapleural pneumothorax, pneumoperitoneum and phrenic nerve 
interruption, however, still form a large proportion of collapse procedures, 
and it would perhaps be well to consider the tracheobronchial lesion 
before such methods are used. Most observers feel that early non- 
stenotic and minor ulcerative bronchial lesions do not contraindicate 
pneumothorax, although Kernan raises the question as to whether the 
loss of expulsive power of cough does not favor implantation of bacilli 
with further ulceration. Others, however, do not feel that collapse 
therapy per se favors the development of tuberculous tracheobronchitis. 
The control of the pulmonary lesion, with the lessening and finally the 
absence of bacillary sputum, should decrease further implantation. As 
there seems to be a marked tendency of the less active tracheobronchial 
lesion to heal, this healing should be favored by collapse treatment, with 
the healing of the pulmonary lesion. Major surgical procedures, espe- 
cially those which are irreversible, present another picture, particularly 
in the presence of advanced progressive ulcerative or stenotic lesions. 

Bronchoscopic examination before any major procedure now seems to 
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be the accepted rule. Alexander (41), Eloesser (32, 35, 36), and others 
caution against thoracoplasty in the presence of obstructive bronchial 
lesions which prevent the drainage of cavities, unless drainage can be 
obtained either by aspiration of the accumulated pus, or dilatation of 
the stenotic bronchus. Many other authors have reported and dis- 
cussed the dangers and failures of attempted dilatation of certain stenotic 
lesions. 

Samson (14) reports a mortality of approximately 50 per cent in one 
year, of patients with active severe ulcerative or stenotic lesions, despite 
active treatment, and states in regard to these cases, “In general the 
results with regard to tracheobronchial lesions have been equally poor 
whether treated by collapse therapy or bed rest, and whether designated 
treatment was instituted before or after the appearance of symptoms of 
tracheobronchial disease.’”” The same author, however, does not con- 
sider the prognosis of less active and extensive lesions to be so hopeless, 
and, in a group of this type of cases observed for over a year, all wer~ 
still alive. Hawkins (4) reported a year ago that his impression was 
that the prognosis was perhaps less grave than has been considered 
although in his group of cases most of the patients had only been ob- 
served for about one year. In his series, he found 17 patients, on first 
examination, who had apparently entirely healed fibrostenotic tuber- 
culosis. 

The incidence of tracheobronchial tuberculosis, as found on broncho- 
scopic examination, varies remarkably. Samson (1) reports 11 per cent 
in 272 cases examined routinely on admission. Tuttle (5) reports 13 
per cent of 90 cases examined before thoracoplasty, and 57 per cent of 
108 examined because of symptoms, a general average of 37 per cent. 
Table 1 shows the results given by several public sanatoria in response to 
a questionnaire sent out. 

Obviously, from the variation in these figures, there is a difference in 
selection of cases for bronchoscopy, and most of them were done pre- 
operatively or for symptoms. There seems to be no common ground on 
which to evaluate the remarkable variation in incidence of tracheo- 
bronchial lesions reported, and the figures do not yield to any analytical 
formula. At first glance, one might expect that the higher percentages 
of tracheobronchial lesions would be found where cases were selected on 
special indications entirely. This holds true for institution B, but 
institution H has found indications in a much higher percentage of cases 
as a larger percentage of patients are bronchoscoped, but the percentage 
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of lesions found is much smaller. The reason for this is not clear. It 
is here that the question of how far bronchoscopy of the tuberculous 


TABLE 1 


SANATORIUM 


ROUTINE 
BEFORE 
SURGERY 


PER CENT 
OF TOTAL 
PATIENT 
CENSUS 


INCIDENCE 
OF LESIONS 


Monterey 
County 


Yes 


No, only be- 
fore tho- 


racoplasty 
and extra- 


pleural 
pneumo- 
thorax 
No, before 
thoraco- 
plasty 


No 


No, but al- 
most 


No 


No, before 
major sur- 
gery 


No 


No, only be- 
fore major 
surgery 


Yes 


Yes 


Approxi- 
mately 
10 


33 


96 


per cent 
About 16 


50 


36 


73 


Per cent 
not 
given, 4 
cases 

25 


27 


Local cauteriza- 
tion 


Ultraviolet ra- 
diation, silver 
nitrate, elec- 
trocoagula- 
tion 

Systemic, silver 
nitrate, iodo- 
form 

Silver nitrate, 
30%, electro- 
coagulation 

Silver nitrate, 
30%, electro- 
coagulation 

Ultraviolet ra- 
diation, elec- 
trocoagula- 
tion 

Tuberculin, 
electrocoagu- 
lation 

Silver nitrate, 
30%, dilata- 
tion, electro- 
coagulation 

Silver nitrate, 
30% 


Authors—reference numbers 47 to 54 inclusive. 


should be a routine procedure, should be considered. In consideration 
of this view-point, do the ends justify the means? In the first place we 
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are limited at present in the extent of our bronchoscopic visualization 
of the tracheobronchial tree to the trachea, the main bronchi, portions 
of the bronchi to the various lobes of the lung and, in occasional instances, 
to some of the secondary bronchi. Beyond this we cannot see directly, 
but may, by inference, interpret what is beyond, by the patient’s symp- 
toms and signs, and by what may be observed by X-ray. This is a 
distinct limitation but, as has been pointed out before, what we are able 
to see also has a definite prognostic as well as therapeutic application. 
There are relatively few series of cases reported of observations of 
tracheobronchial tuberculosis over any period of time, and most of these 
have been in advanced lesions. Little is known of the evolution with 
either progression or regression of the early lesions, and only one series 
of cases, so far as is known, has been studied from the general incidence 
of lesions as found on routine admission bronchoscopy as mentioned 
above. Practically speaking, we really know very little. 

Ornstein (8) has reported 8 cases of tracheobronchial tuberculosis with 
little evidence of pulmonary disease and stresses the fact that these 
probably arose by continuity from neighboring lymph nodes. This 
condition may exist more frequently than is suspected, and all cases with 
positive sputum, with insufficient evidence of pulmonary disease, should 
be examined bronchoscopically. 

There is a wide divergence of opinion as to the methods of treatment 
of bronchial lesions. This is exemplified by the various methods listed 
in the table, but no estimate has been given as to results. Briefly, 
dilatation of stenosed bronchi is disappointing, and may even be dan- 
gerous. Medical treatment with drugs, such as ephedrine and am- 
monium chloride, at best is only palliative, as is aspiration after shrinking 
the mucous membrances. Ultraviolet radiation, X-ray therapy, tuber- 
culin, electrocoagulation and chemical cauterization have all been used. 
Of these, the latter two seem most generally accepted. 

Tuttle (5) discusses spontaneous healing, but he has had several cases 
of conversion of sputum only after treatment of the tracheobronchial 
lesion with healing. He further feels that earlier treated lesions produce 
less fibrosis and stenosis, on healing, as does Kernan (15). With these 
view-points in mind, we have felt we should know more about the prob- 
lem of tracheobronchial tuberculosis in our patients. For the past two 
years the authors have routinely studied the bronchial tree of all patients 
admitted to the Monterey County Sanatorium, unless definitely contra- 
indicated. Our criteria for the diagnosis of tuberculous tracheobron- 
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chitis have been as rigid as we could make them, and no case was di- 
agnosed unless the appearance was typical with definite lesions, having 
the peculiar appearance of the granulation tissue with small ulcerations, 
or tubercle formations, as seen before in definite lesions, or as described 
by others. Unless we could check each others description, and could be 
at least reasonably sure, the tracheobronchial tree was considered 
negative. We have only a small series of 53 cases, but in these we found 
definite tuberculous tracheobronchitis in 37 per cent. Nearly all of 
these lesions were early mucosal and submucosal lesions, and most 
showed definite visible tubercle formation. The majority were on the 
posterolateral and posteromedial walls of the main bronchi on the side of 
the pulmonary lesion. In only 3 of 20 definite cases were there symp- 
toms. ‘These are briefly discussed in the case reports. All cases have 
been treated by local applications of 30 per cent silver nitrate, and all 
but one case have shown improvement on repeated examination and 
treatment, with apparent definite healing in 6. Healing has been inter- 
preted by a flattened and normal appearing mucous membrane at the 
site of the previous lesion. In only one case (no. 1) has there been a 
definite progression of the disease in the bronchi. In one other case 
(no. 3) a recurrence of the tracheobronchial ulceration occurred three 
months after there was apparently definite healing. 

Several cases with negative findings have been bronchoscoped sub- 
sequent to collapse procedures, for check-up on persistently positive 
sputum and no bronchial lesion was found. It is interesting to note in 
intrapleural pneumothorax, as well as thoracoplasty or extrapleural 
pneumothorax, that the upper lobe bronchi are apparently displaced 
downward to make a less acute angle with the primary bronchi, and, 
as such, apparently are wide open with excellent drainage. There have 
been no complications attributable to bronchoscopy and no apparent 
ill effects in over one hundred examinations of these patients. Patients 
accept bronchoscopy as a matter of routine, and in several cases where 
the procedure was delayed, patients have inquired why the procedure 
was not performed. It is our opinion that carefully performed bron- 
choscopy is a relatively simple procedure which carries practically no 
risk, and yields a considerable amount of valuable information. We 
feel that the early symptomatic lesions should be recognized and treated 
to prevent further spread with the resulting complications. It is ad- 
mitted that so far this is a small series and none of our patients has been 
observed over a long enough period. If, however, more cases were 
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studied over a long period of time, we might either crystallize or change 
our ideas about tuberculous tracheobronchitis, its cause and effect and 
its proper treatment. 

The following are brief case reports on 4 cases of pulmonary tuber- 
culosis with tracheobronchial lesions: 


Case 1: L. C., unmarried white female of twenty-seven. Tuberculosis left 
lung in 1934. Pneumothorax for one year. Bronchoscopy in November, 
1934, after pneumothorax, showed stenosis of the left main bronchus. Pneu- 
mothorax was abandoned and the phrenic nerve was paralyzed. Periodic 
relief of fever, cough and other symptoms was achieved by bronchoscopy with 
aspiration. Bronchoscopy in November, 1937 revealed ulceration and granu- 
lation of trachea; the left main bronchus was almost completely stenosed. 
Tuberculosis spread to the right side. Tuberculous tracheobronchitis also 
spread throughout right main bronchus, causing partial stenosis. Sympto- 
matic relief was given by drainage and cauterization of lesions with 30 per cent 
silver nitrate. The patient became progressively worse and died in July, 1939. 


Case 2: B. S., single, white female of twenty-five. Bilateral apical tubercu- 
losis was considered arrested three years ago. Recurrence of symptoms of 
pulmonary tuberculosis occurred two years ago. Very little change was noted 
in the X-ray films during the past two years. Sputum was positive on culture 


and guinea pig in June, 1938. Bronchoscopy August, 1938 revealed granula- 
tion tissue and tubercles on the posteromedial wall of the right main bronchus. 
This was treated at four-week intervals with 30 per cent silver nitrate four 
times followed by healing in December, 1938. Bronchoscopy in April, 1939 
showed the lesion healed; there was very slight scarring and the sputum was 
now negative on culture. There had been no symptoms before bronchoscopy. 


Case 3: T. C., married Mexican female of twenty-six years. Bilateral apical 
tuberculosis with cavity left apex. Left pneumothorax was unsuccessful. 
Right pneumothorax was given for one year. An apical thoracoplasty on the 
left was performed one year after admission. The sputum remained positive. 
Sputum was negative in February, 1938, but positive in June, 1938. Bron- 
choscopy in August, 1938 showed granulations with two small tubercles on 
the posterolateral wall of the left main bronchus just below the carina. She 
had no symptoms. She was treated four times at monthly intervals resulting 
in healing. Secretions from the upper lobe were negative. Bronchoscopy 
in March, 1939 showed recurrence of a few granulations, but there was no 
apparent stenosis. After four more bronchoscopies with application of 30 
per cent silver nitrate, the lesion healed and sputum became negative on cul- 
ture in September, 1939. There were no symptoms of tracheobronchial 
tuberculosis before bronchoscopy. 
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Case 4: A. S., married white female of thirty-five years. Arrested tuberculosis 
following pneumothorax ten years ago. Haemoptysis with spread to right 
side occurred in July, 1938. She did well on bed-rest with clearing of the 
lesion in the right base. On complaints of “soreness of trachea,” she was 
bronchoscoped in January, 1939. The essential findings were much thickened 
and distorted carina and granulation with ulceration on the anterolateral wall 
of the right main bronchus. She was treated with 30 per cent silver nitrate. 
The lesion appeared healed one month later. The patient has not been seen 
since. 


SUMMARY AND CONCLUSIONS 


1. Tuberculous tracheobronchitis has an important bearing on the 
prognosis and treatment of pulmonary tuberculosis. 

2. Advanced and progressive ulcerative or stenotic lesions are serious 
complications. 

3. Little is known of the evolution of early lesions and this is extremely 
important if they become progressive. 

4. Early lesions occur without the classical symptoms of obstructive 
lesions. 

5. Bronchoscopy of the tuberculous, unless definitely contraindicated, 
is simple and practically harmless, when performed carefully and gently 
by trained workers, and complications are rare. 

6. Bronchoscopy is a routine procedure in many institutions before 
certain major surgical procedures and is becoming more so. 

7. It is suggested that more bronchoscopic examinations be done on 
patients in sanatoria, not only to enrich our knowledge of tracheo- 
bronchial tuberculosis, but also with the more important view of a more 
rational and better treatment of the patient. 

8. There is no accepted method of treatment of tracheobronchial 
lesions, but 30 per cent silver nitrate locally applied seems to have some 
value, particularly in assisting in the healing of early lesions. 
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CYSTIC LUNGS"? 
SIDNEY DIAMOND anp WILLIAM R. DURHAM 


A great deal has been written of late about cystic disease of the lungs. 
The existence of single or multiple abnormal pulmonary air sacs has been 
variously described as cystic degeneration of the lungs, pulmonary 
pneumocysts, bullous emphysema, alveolar ectasia, lobular ectasia, 
cystic bronchiectasis, and open honeycomb lung. Cheney and Garland 
(1) suggest “pneumocele” as the term best suited to the condition. 
Pierce and Dirkse (2) describe the lesion as a “pneumatocele.” 

A review of the literature reveals that pulmonary air cysts are by no 
means rare. An increasing number of cases is published every year. 
Koontz (3) found 108 cases reported in the literature up to 1925. By 
1937, according to Schenck (4), the condition had been noted 387 times. 
Most of these papers are individual case reports, but several authors 
have presented large series of cases. Wood (5) in 1937 described 48 
patients seen at the Mayo Clinic in whom a presumptive diagnosis of 
cystic disease was warranted. Of the 10 cases observed by us, 6 were 
encountered within a period of nine months among approximately 1,500 
consecutive general hospital admissions. 

The pathogenesis of these air cysts apparently is not uniform. Most 
authors in the past have referred to the condition as congenital. They 
attribute it to the occurrence of alveolar adenomata, to embryonic 
inhibition of intrapulmonary ramifications of bronchi or alveoli, to 
congenital bronchiectasis. Hurwitz and Stephens (6) speak of agenesis 
of the lung and point to 35 instances of this anomaly that they have 
amassed from the literature. Mueller (7) is of the opinion that a bron- 
chiolar bud becomes arrested in its growth before it attains the stage of 
a hollow tube. At some subsequent date the terminal part begins to 
grow again and forms a closed sac, into which fluid is secreted by the 
lining epithelial cells. This cyst gradually expands, until the pressure 


1 From the Medical Services of the Veterans Administration Facility, Legion, Texas and 
Oteen, North Carolina. 

2 Published with the permission of the Medical Director, Veterans Administration, who 
assumes no responsibility for the opinions expressed or the conclusions drawn by the authors. 
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of its contents prevents further secretion by its mucosa. Eventually 
the sac ruptures into a neighboring bronchiole, and its fluid contents are 
discharged and are replaced by air. Smith (8), Croswell and King (9) 
and others also postulate the theory of an embryonic defect in the 
development of a bronchus. As a result of this developmental error, 
the normal growth of alveolar tissue does not occur and the unsupported 
bronchus dilates. A ball-valve mechanism at its bronchial orifice pre- 
vents adequate egress of air from this small, thin-walled, congenital 
bronchiectatic cavity and, as the infant breathes, it gradually increases 
in size. As the cavity grows, the bronchi leading to it become more and 
more tortuous as they are compressed toward the hilum, resulting in 
further interference with deflation of the cyst. 

While it is undoubtedly true that a great many of the cases reported 
are of congenital origin, recent observations seem to indicate that the 
number of truly congenital cysts is much smaller than was formerly 
thought. There is little doubt at the present time that numerous persons 
born with normal lungs develop cystic disease later in life. A careful 
history and repeated examinations over a long period of time often sug- 
gest the pathogenesis of acquired cystic disease in individual patients. 
In at least an equal number, however, exhaustive studies are of no avail 
and the aetiology remains obscure. Lenk (10) is of the opinion that the 
condition not infrequently follows measles or whooping cough in early 
childhood. Cheney and Garland (1) point out that serial roentgeno- 
graphic studies of patients recovering from various inflammatory diseases 
of the lungs, particularly pneumonia, have disclosed an astonishingly 
large number of bizarre cyst-like lesions. Some of these cysts have 
disappeared spontaneously but most of them have remained unchanged. 
Some, on the other hand, have shown a progressive increase in size, 
eventually occupying an entire lobe or even a whole lung. These authors 
believe that pneumocysts occur in perhaps 20 per cent of cases recovering 
from pneumonia and represent a bullous emphysematous phase of 
healing. 

The structural variations among cystic lungs are equally as marked 
as are the differences in their aetiology. Each cyst is essentially a pocket 
of air within the lung surrounded by a thin wall. The fact that it retains 
its air is evidence of its having a patent communication with a bronchus, 
even though that communication be an exceedingly minute one. Histo- 
logically, the cyst wall may be lined by ciliated columnar epithelium, 
as is found in the walls of bronchi, or the epithelium may be cuboidal or 
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squamous. Cysts may be single or multiple, unilocular or multilocular. 
They may be present in any part of one or both lungs; there is no one site 
for which they show any particular predilection. Koontz (3), in his 
series of cases, found both lungs affected in approximately one-fourth of 
the cases, the right lung in a little over one-fourth, and the left in the 
remainder. Lenk (10), on the other hand, observed involvement on the 
right side more frequently than on the left. The condition occurs about 
as often in males as it does in females. Cysts range in size from tiny 
sacs to incredibly huge air pockets; cases have been published of giant 
solitary cysts occupying more than half of the chest. 

Roentgenographically, air cysts appear simply as areas of increased 
illumination in which normal lung markings are absent. There may 
or may not be a sharp demarcation from the adjacent pulmonary tissue. 
Characteristically there is no evidence of a recent or subsiding inflamma- 
tion or any sign of shrinkage, such as narrowing of the intercostal spaces 
or drawing of the mediastinal contents toward the affected side; if the 
cyst is sufficiently large, however, the surrounding lung may be com- 
pressed, the corresponding diaphragmatic leaf lowered, and the medi- 
astinal shadows displaced toward the opposite side. The wall of the cyst, 
if it is visible on the film, is invariably thin. When several of these air 
sacs are situated close to one another, their condensed septa may appear 
as very fine straight or curved lines, giving the appearance of a large 
honeycomb. Ordinarily the reticula are comparatively large, but small 
spaces or a mixture of small and large ones may be present. It was the 
occurrence of these networks that suggested the term ‘‘open honeycomb 
lung.” 

It is often very difficult to distinguish an air cyst from a pneumothorax. 
In a large, free pneumothorax, of course, the lung collapses toward the 
hilum and appears as a stump of varying density. But, on occasion, 
the perplexing problem of differentiation from an encapsulated pneumo- 
thorax presents itself. Lateral views may serve to establish the intra- 
pulmonary status of a cyst. Serial X-ray films may be of distinct aid; 
unless a bronchopleural fistula exists, a pneumothorax will gradually 
disappear as the air is absorbed. In some cases it may be necessary to 
induce a diagnostic pneumothorax to settle all doubts. 

We have been wholly unsuccessful in our efforts to introduce lipiodol 
into these cysts through endobronchial catheters. In each of the cases 
attempted the oil failed to flow beyond one of the larger bronchial 
radicles. This suggests that the bronchial opening of these cysts must 
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be exceedingly small, in contrast to that present in typical bronchiectatic 
cavities. 

Cystic disease has no distinctive clinical picture. It may occur at any 
age. Many patients are completely symptom-free throughout their 
lives, the lesion being discovered during a routine physical or X-ray 
examination of the lungs. Cheney and Garland (1) describe the case of 
a nineteen year old girl who had an enormous cyst in the left lung which 
filled more than half of her chest and lowered her vital capacity to 1,200 
cc., which was only 27 per cent of her normal; they followed her for ten 
years, during which time she danced a great deal, swam and played 
tennis, with no discomfort whatever. On the other hand, the clinical 
manifestations may be quite pronounced. Whereas a healthy girl of 
nineteen may easily tolerate a reduction in her vital capacity to less 
than half of what it should be, an ailing man of sixty may be totally 
incapacitated by a similar phenomenon. The severity of the symptoms 
in uncomplicated cases apparently is determined by one or both of two 
factors. The first factor is the extent of actual loss of pulmonary tissue. 
As the effective breathing space is encroached upon, the patient becomes 
dyspnoeic; the greater the reduction of his vital capacity, the more 
uncomfortable he becomes; this dyspnoea, caused by permanent absence 
of parenchymal tissue, is virtually continuous. The second factor is the 
intracystic pressure. Cysts, particularly large solitary ones, that have 
a ball-valve bronchial opening, which at times permits the entrance of 
air but prevents its exit, may balloon out at intervals and give rise to 
recurrent attacks of alarming dyspnoea, accompanied perhaps by 
cyanosis, such as might occur with any large tension cavity or tension 
pneumothorax. Cough may be present in some cases of cystic disease, 
but it rarely is a prominent feature. Complications, such as infection 
of the cyst or its rupture into the pleural space, are relatively rare; when 
they do occur, the clinical picture of the secondary process usually super- 
sedes that occasioned by the cystic disease. 

The 10 patients observed by us all saw arduous military service during 
the World War. Four of the group were colored, the remainder white. 
At the time of their enlistment, which entailed their passing a thorough 
physical examination by the Army Medical Corps, these men presumably 
were free of symptoms and presented no markedly abnormal physical 
signs. The age at which the presence of cystic disease was discovered 
ranged from twenty-six to seventy. Some of the patients were seen 
during one brief hospital admission; others were studied over a period of 
years. 


4 


CYSTIC LUNGS 


CASE REPORTS 


Case 1: This case was followed for nineteen years. G. B., a twenty-six year 
id colored miner, was admitted to the hospital in September, 1919, for a 
oeriod of observation to determine the presence of pulmonary tuberculosis. 
He had suffered an attack of pneumonia in France in 1918 and a routine check- 
ip film had revealed the presence of a large, thin, circular shadow surrounding 
in area of rarefaction in the upper part of the left pulmonic field. At the time 
of admission he was a well-built, robust man in excellent health. Lateral 
films rendered the intrapulmonary character of the lesion apparent. Re- 
neated examinations of his sputa and gastric contents failed to reveal the 
presence of tubercle bacilli and the patient was discharged, with the diagnosis 
still in doubt. The succeeding years saw him, always symptom-free, enter 
the hospital for observation again and again. Each time the findings were 
the same. The last roentgenogram, taken in February, 1938, showed the 
cyst-like area to be no different from what it was in 1919. 


The diagnosis of cystic disease in this case is still not positively con- 
firmed. But the freedom of the patient from symptoms, the stationary 
character of the lesion, its thin wall, and the absence of signs of inflamma- 
tion in the surrounding lung make it appear probable that we have not 
erred in including it in this series. 


Case 2: C. P., a colored laborer, was first observed at the age of thirty-eight 
and followed for five years. He entered the hospital in June, 1933, complain- 
ing of persistent shortness of breath for several years. He had no pain but 
felt tired and exhausted the greater part of the time. The profound respira- 
tory distress occasioned by exertion prevented him from keeping any position 
requiring heavy manual labor. The patient’s antecedent history included 
measles and whooping cough in childhood and influenza at twenty-four. 
Physical examination on admission revealed a fairly well nourished and fairly 
well developed colored man who was comfortable at rest but dyspnoeic on 
very mild effort. An X-ray film of the chest disclosed a large number of cystic 
areas in both lungs, varying in size and limited largely to the apices and bases; 
the midportions of the lungs appeared somewhat compressed and the diaphrag- 
matic domes were distorted; the mediastinal shadows were in their normal 
position. The patient remained in the hospital approximately two months, 
during which time his condition remained unchanged; he was afebrile through- 
out his stay. The patient’s dyspnoea persisted, unaltered in severity, during 
the ensuing years. He continued to work at various jobs but was unable to 
do any heavy work. In October, 1938, he again entered the hospital. The 
physical and roentgenographic findings at this time were identical with those 
of his previous admission. The patient was discharged after a three weeks’ 
stay in the hospital. 
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Fic. 1. Case 1. Solitary cyst in left upper lobe 
Fic. 2. Case 2. Cysts in both apices and both bases 
Fic. 3. Case 3. Huge cystin right lung. Cyst in left apex and left base 
Fic. 5. Case 5. Cysts in both upper lobes 
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Case 3: W. W., a forty-six year old colored porter, was admitted to the hospital 
in February, 1935. During the three years preceding his admission he had 
developed progressively increasing dyspnoea on exertion; prior to that his 
health had been unimpaired. On admission, the patient appeared acutely ill. 
He was extremely dyspnoeic even at rest, orthopnoeic and moderately cyanotic. 
All of his palpable arteries were markedly sclerotic. His heart sounds were of 
very poor quality; their rhythm was regular. His blood pressure was 124/88. 
Electrocardiographic tracings showed profound myocardial damage, partial 
auriculoventricular block and right axis deviation. On X-ray films of the 
chest, large cystic areas were seen in both lungs; on the right side there were 
no lung markings in the upper and lower thirds and only a few strands in the 
middle third; there was an irregular rarefaction in the left apex which pre- 
sented a honeycombed appearance; another cystic area extended from the 
sixth rib to the base on the left side, sharply demarcated from the compressed 
lung above it; the diaphragmatic domes presented slight irregularities; there 
was no mediastinal displacement, but the heart shadow was somewhat enlarged. 
The patient’s symptoms grew more and more pronounced and finally termi- 
nated in his death eight weeks after admission. 

At autopsy, both lungs were partially adherent to the chest wall. The right 
lung contained one enormous bleb, which extended from the apex to the base, 
and a number of smaller blebs surrounding the lung root; the only normal pul- 
monary tissue was that in the immediate vicinity of the hilum. The left lung 
showed a large bleb filling virtually the entire lower lobe; there were several 
small-sized blebs in the apex; the intermediate portion of the lung was con- 
gested to such a degree that specimens suspended in water floated beneath the 
surface. All the heart chambers were greatly dilated, the phenomenon being 
most pronounced in the right ventricle. The musculature of the right ven- 
tricle, and to a lesser extent that of the left ventricle, was very much hyper- 
trophied. Extensive sclerosis of the coronary arteries was _ present. 
Microscopical examination of the pulmonary blebs showed their walls to be 
lined by simple squamous epithelium. 


Case 4: C. S., a white farmer, was first admitted to the hospital in August, 
1924, at the age of thirty-three, because of persistent shortness of breath, which, 
he stated, had its onset in 1918. His history prior to 1918 was irrelevant. 
The patient spent four months in the hospital on his first admission, with no 
noticeable improvement. During the following fifteen years he continued to 
suffer from virtually constant dyspnoea, which remained unchanged in char- 
acter and severity. At times he had a mild, nonproductive cough. The 
patient was admitted to the hospital on six subsequent occasions, each time 
hoping to obtain a cure for his dyspnoea. He finally died of an intercurrent 
disease. 
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No X-ray films were available for our study prior to those taken in May, 
1936. In the three and one-half years that the patient was followed roent- 
genographically by us, however, his lesions remained entirely stationary. His 
last film, taken in September, 1939, showed multiple cystic areas in both 
pulmonic fields; there were no markings at all above the second rib on the 
right side. There was no displacement of the mediastinal contents; both 
leaves of the diaphragm were somewhat irregular; the costophrenic angles 
were clouded. An interesting and puzzling feature of the roentgenographic 
findings in this case was the increase in the hilar densities on each side, which 
persisted unaltered through the years. The significance of these obviously 
abnormal shadows was never clearly understood. We were unable to deter- 
mine whether they were intimately associated with the existence of the air 
cysts or whether they represented some wholly independent mediastinal or 
intrapulmonary pathological process. 


Case 5: J. G., a forty-five year old colored barber, came under our observation 
in February, 1938, when he was admitted to the hospital because of gradually 
increasing dyspnoea on exertion for twelve years. Except for a siege of whoop- 
ing cough in infancy, he had otherwise always been in good health. Physical 
examination on admission revealed a well built colored man who exhibited 
moderately severe dyspnoea on mild exercise. There were no abnormal ex- 
trapulmonary findings. A roentgenogram of the chest showed complete 
absence of pulmonary tissue above the third rib on each side; except for this 
finding the film was that of a normal chest. Inasmuch as it was evident that 
nothing could be done to restore his missing lung substance, the patient was 
discharged from the hospital three weeks after admission. 


Case 6: T. B., a forty-three year old white man, was admitted to the hospital 
in January, 1939, with a history of progressively increasing dyspnoea over a 
twelve-year period. There was no antecedent history of respiratory affection. 
On admission, the patient presented a picture of extreme dyspnoea at rest, 
orthopnoea, cyanosis and profound weakness. His heart sounds were exceed- 
ingly poor, his pulse thready. His blood pressure was 102/74. An X-ray 
film of his chest disclosed complete absence of lung markings in the outer half 


Fic. 4. Case 4. Cysts in both lungs. Marked increase in hilar shadows 
Fic. 6. Case 6. Cysts in both upper lobes 
Fic. 7. Case 7. Solitary cyst at left base. On attempted instillation of lipiodol, oil 
stopped abruptly at edge of cyst. Note caseous tuberculosis in right upper lobe. 
Fic. 8. Case 8. Solitary cyst in right apex 
Fic. 9. Case 9. Solitary cyst at right base. Lipiodol introduced into right lower lobe 
bronchus failed to enter cyst. Heart enlarged as result of prolonged hypertension. 
Fic. 10. Case 10. Large cyst in each lower lobe. No lipiodol present in cysts 
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of the left pulmonic field above the fifth rib; the cystic area had no distinct 
margin; on the right side there was an irregular rarefaction from the third rib 
to the apex; both bases appeared intensely congested; the diaphragm was 
smooth and the heart was small and centrally situated. The patient’s condi- 
tion pursued a progressively downhill course until his death early in February, 
1939. No autopsy was performed, 


Case 7: A. B., a forty-five year old white farmer, entered the hospital in 
January, 1939, for the treatment of pulmonary tuberculosis, with which he had 
been afflicted for several years. He gave a history of having had pneumonia 
in 1918. Except for a fairly severe productive cough, the patient presented 
no abnormal symptoms on admission. An X-ray film of his chest showed, in 
addition to well established caseous tuberculosis of the right upper lobe, com- 
plete absence of lung markings in the lateral half of the left pulmonic field from 
the fifth rib to the diaphragm. No definite line of demarcation between the 
cystic area and the adjacent normal lung tissue could be discerned. The 
patient remained in the hospital three months. There was no change in the 
shape or size of the air sac during his stay. 


Case 8: B. D., a forty-three year old white farmer, was admitted to the hospital 
in March, 1939, for a haemorrhoidectomy. He had had pneumonia in child- 
hood and again at the age of twenty-three. Thereafter he had been in excellent 


health, except for an occasional mild, nonproductive cough. Examination on 
admission revealed a well developed man who presented no abnormal extra- 
pulmonary findings other than protruding haemorrhoids. A chest roentgeno- 
gram showed a cystic area in the right apex, its lower border clearly outlined 
by a thin, curved line; the remainder of both pulmonic fields was normal. 
The haemorrhoidectomy was performed and the patient was discharged after 
an uneventful postoperative course. 


Case 9: R. B., a seventy year old white veterinarian, was admitted to the 
hospital in July, 1939, because of severe arteriosclerotic and hypertensive heart 
disease of long standing, with marked reduction in his cardiac reserve. A 
chest roentgenogram on admission revealed the existence of a small cystic 
area at the base of the right lung. The presence of the cyst apparently added 
little, if any, to the discomfort caused by the patient’s chronic left-sided heart 
failure. The patient was discharged at his own request seven weeks after 
admission. 


Case 10: J. B., a forty-six year old white man, entered the hospital in April, 
1939. Except for three days’ confinement in bed with an acute respiratory 
infection in 1918, he had been in excellent health until 1936. Thereafter he 
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developed progressively increasing dyspnoea on exertion, which finally reached 
such a state that he was unable to carry on his work of selling automobiles. 
At times, often while he was at rest, the patient suffered sudden attacks of 
profound thoracic oppression accompanied by a marked aggravation of his 
dyspnoea. On admission, the patient appeared chronically ill, pale, poorly 
nourished and poorly developed, dyspnoeic on the slightest effort. Roent- 
genographic examination revealed the presence of a large cystic area in the 
lower half of each pulmonic field. The mediastinal and diaphragmatic shadows 
were normal. This patient is still in the hospital. His condition remains 
unchanged. Slightly short of breath virtually all the time, he is subject to 
occasional episodes of sudden distressing dyspnoea and cyanosis which may 
last as long as a half-hour. Antispasmodic and sedative medications afford 
prompt relief at times, but fail to do so at other times and the attacks terminate 
spontaneously after a while. Roentgenographically the condition has re- 
mained stationary. 

It appears likely that this case is one of those in which there is a ball-valve 
mechanism at the bronchial opening of one of the air sacs. The periodic 
aggravation of the patient’s discomfort is probably due to the distension of 
the cyst by the entrapped air. 


COMMENT 


In the foregoing series, 4 of the patients had but one cyst and 6 had 


more than one. The condition was found in the left lung alone in 2, 
in the right lung alone in 2, and in both lungs in 6 patients. The upper 
and lower thirds of the lungs were involved with approximately equal 
frequency, the middle thirds somewhat less often. 

Of the 10 cases described, 6 had a history of previous respiratory 
disease. Pneumonia was the antecedent affection in 3 of these 6 pa- 
tients. There was a coexisting pulmonary tuberculosis in one patient. 
It is difficult to estimate the réle played by these processes in the evolu- 
tion of the air cysts, for in none of these patients have we been able to 
find X-ray films taken prior to their occurrence. 

Four of the patients had no symptoms attributable to their cystic 
disease. In each of the 4 a small, solitary cyst was present. Two pa- 
tients suffered for years from a persistent, unvarying dyspnoea. Both 
of these had numerous cysts, which exhibited no manifest change over a 
period of years. The 4 remaining patients gave a history of gradually 
increasing dyspnoea. Two of the 4 died; postmortem examination in 
one demonstrated that cystic disease was the cause of death; the other 
case did not come to autopsy. The third patient in this group of 4 
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was observed for too short a time to permit any definite aggravation of 
his discomfort to be noted. The fourth patient had two large cysts, 
of which at least one had a ball-valve bronchial opening; during the many 
months he was under our observation there was no progression of his 
symptoms and no permanent change in the size of the air sacs. These 
10 cases illustrate clearly the close relationship between the degree of 
reduction in actively functioning lung tissue and the extent of the respir- 
atory distress actuated by the condition. Though we cannot offer 
serial X-ray films in substantiation of our opinion, we feel safe in assum- 
ing that the progression of the dyspnoea in the 4 patients so affected was 
paralleled by a corresponding advance in the loss of their normal pul- 
monary tissue. 


SUMMARY 


1. The literature on cystic disease of the lungs is reviewed briefly in a 
discussion of the aetiological, pathological, roentgenographic and clin- 
ical aspects of the condition. 

2. The comparatively high incidence of cystic disease is indicated by 
our discovery of 6 cases among 1,500 consecutive admissions to a Veter- 
ans Administration hospital. 

3. Our inability to fill the cysts with lipiodol by endobronchial intro- 
duction suggests that their bronchial openings are exceedingly minute. 

4. Ten instances of cystic disease in World War veterans are described. 
These cases are analyzed in regard to the distribution of the cysts, the 
presence of a history of previous respiratory disease, and the correlation 
of the symptoms and the lesions. The apparently close relationship 
between the degree of reduction in actively functioning lung tissue and 
the severity of the respiratory distress occasioned by the condition is 
noted. 
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SULFAPYRIDINE IN EXPERIMENTAL TUBERCULOSIS 


The Pathology of Experimental Tuberculosis and of Apparent Toxic Changes in 
Guinea Pigs Treated with Sulfapyridine 


WILLIAM H. FELDMAN! anp H. CORWIN HINSHAW? 


The striking clinical results of chemotherapy in a few infectious dis- 
eases have naturally led to wide-spread investigation of the effects of 
these drugs on other bacterial infections. Few such infections are more 
amenable to study than is experimental tuberculosis in guinea pigs. 
Proper doses of virulent organisms yield rather uniform results; the 
course of the disease and its pathology are intimately known and quan- 
titative objective study of the lesions is practicable. 

When sulfapyridine first became available to us it seemed logical to 
try its effect on experimental tuberculosis, especially since its range of 
efficacy seemed to extend over a wide variety of organisms. Our pre- 
liminary paper (1) appeared in March, 1939 and reported, in so far as 
we knew, the first evidence that this drug has the property of altering 


and inhibiting to some degree the expected course of experimental 
tuberculosis in guinea pigs. In the present communication the patho- 
logical changes noted in this experiment are considered in greater detail. 


LITERATURE 


Although published reports concerning the use of sulfapyridine in ex- 
perimental tuberculosis have not come to our attention, a moderate 
number of reports have appeared concerning the effect of sulfanilamide 
and related compounds in experimental tuberculosis. A brief résumé 
of these investigations seems apropos. 

Rich and Follis (2) first recorded the fact that sulfanilamide has a 
definite inhibitory effect on the development of experimental tubercu- 
losis in guinea pigs. They used a virulent human strain of the tubercle 
bacillus and learned that adequate amounts of the drug (200 to 500 mg. 
daily) in divided doses gave best results. Treatment was started three 


1 Division of Experimental Medicine, The Mayo Foundation, Rochester, Minnesota. 
2 Division of Medicine, The Mayo Clinic, Rochester, Minnesota. 
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days before inoculation. Greey, Campbell and Culley (3) were able to 
secure similar results. They noted that the drug was without effect if 
treatment was postponed until seventeen to twenty-four days after 
inoculation. Buttle and Parrish (4) confirmed the statement that 
sulfanilamide properly administered could inhibit infections with 
human strains of the tubercle bacillus, but saw little or no result with 
bovine strains. No result was detected in rabbits infected with bovine 
tubercle bacilli. Ballon and Guernon (5, 6) were able to demonstrate 
inhibition of tuberculosis in the guinea pig with sulfanilamide even when 
treatment was started five to ten days after inoculation. While their 
series of animals was very small they illustrated striking results. Greey, 
Boddington and Little (7) confirmed the results of previous investigators 
with sulfanilamide but noted no result with the following drugs: Uleron, 
Septazine, diacetyl-diamino-diphenyl-sulfone, Prontosil base or Pron- 
tosil soluble. 

Using very small doses of the infecting bacteria and large doses of the 
therapeutic drugs, Birkhaug (8) was able to demonstrate by objective 
methods that Prontosil soluble has definite ability partially to inhibit 
the development of infection with bovine tubercle bacilli. 

Several authors failed to confirm the early report of Rich and Follis. 
Smithburn (9) inoculated guinea pigs intracerebrally with tubercle bacilli 
and administered sulfanilamide intraibdominally. No significant dif- 
ferences were seen between treated and control animals. Kolmer, 
Raiziss and Rule (10) administered sulfanilamide intramuscularly to 
guinea pigs for eight days following inoculation with tubercle bacilli of 
the human type and observed no result. Study of six compounds re- 
lated to sulfanilamide gave negative results also. Levin (11) also treated 
a small number of animals for a similarly brief time and observed no 
results. 

A fat-soluble product of sulfanilamide (N!-Dodecanoylsulfanilamide) 
has been prepared by Crossley (12) and his associates and is reported 
by them to possess marked ability to inhibit the development of experi- 
mental tuberculosis in guinea pigs. 

Most of the successful investigators used sulfanilamide in large, 
frequent doses over prolonged periods. No one has secured successful 
results with rabbits as experimental animals. The relatively large doses 
employed and the necessity of early administration seem to preclude 
the clinical use of the drug. 
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METHODS 


The material studied in preparation of the present report is the same 
as described in our previous paper. Each of 40 guinea pigs was inocu- 
lated subcutaneously over the sternum with 0.000,1 mg. of a virulent 
strain of Mycobacterium tuberculosis hominis.* In one-half of these ani- 
mals (20 guinea pigs) the usual lesions of experimental tuberculosis were 
permitted to develop. The remaining 20 animals received 250 mg. of 


TABLE 1 
Summary of tuberculous changes in 12 guinea pigs treated with sul fapyridine* 


DEGREE OF TUBERCULOSIS MICROSCOPICALLY 


DAYS BEFORE DEATH 
Axillary Site of 
node inoculation 


23 died - +++N 
23 died - +++N 
32 died 0 +++N 
30 died - +++N 
37 killed ++N +N 
38 died - ++ 

52 died** +++N +++N 
56 died - +++N 
56 killed ++N ++N +++N 
56 killed ++N +++N ++N 
56 killed + +++N ++N 
56 killed ++ ++ +++N 


* Eight of the treated animals died during the first three weeks and were considered as 
failures. 

** Died twelve hours after injection with tuberculin. 

Explanation of symbols: 

Minus sign indicates that no lesions were observed. 

One plus symbol indicates a few epithelioid tubercles. 

Two plus symbols indicate a moderate number of tubercles. 

Three plus symbols indicate extensive wide-spread tuberculosis. 

The zero symbol indicates that tissues were not examined microscopically. 

The letter “N” following a plus symbol indicates that at least some of the lesions showed 
central softening or caseation necrosis. 


Lung 


Conan WD 


sulfapyridine by mouth twice daily for three days prior to inoculation 
with tubercle bacilli and for seven days following inoculation, when the 
dose was reduced to 125 mg. twice daily. When an animal in either 
group died after the end of the third week, one from the other group was 


8 The strain used had been isolated from sputum a few weeks prior to inoculation. 
* The sulfapyridine was kindly supplied by Dr. D. F. Robertson, Associate Medical Direc- 
tor, Merck and Company. 
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killed so that lesions of comparable duration would be available for 
study. The weight of each animal was recorded at intervals of one week. 

Animals dying before the fourth week were discarded since definite 
lesions of tuberculosis that are discernible grossly do not ordinarily 
develop in guinea pigs dying within a period of three weeks subsequent 
to inoculation. Eight of the treated animals died during the first three 
weeks, leaving 12 which survived for twenty-three to fifty-six days. 
Seven of the control group were killed during the same period for com- 


TABLE 2 
Summary of tuberculous changes in 12 untreated guinea pigs* 


DEGREE OF TUBERCULOSIS MICROSCOPICALLY 


DAYS BEFORE DEATH 
Axillary ite o 
Liver node inoculation 


+++N | +4++N 
+ ++4+4N 
++4+4N + 
+++N | +++N 
37 died ++4+N _ + 
38 killed we +++N | +++N 
52 killed ++4+4N +++N | +++N 

++ 

+++4N 

++ 


23 killed 
23 killed 
32 killed 
30 killed 


56 killed +++N | +++N 
56 killed - +++N 
56 killed +++N | ++4+N 
56 killed +++N | +++N 
56 killed +++N | +++N 


* Of the 8 additional control animals, 2 died on the fifty-third day and the remaining 6 
were killed in connection with another experiment. 

Explanation of symbols: 

Minus sign indicates that no lesions were observed. 

One plus symbol indicates a few epithelioid tubercles. 

Two plus symbols indicate a moderate number of tubercles. 

Three plus symbols indicate extensive wide-spread tuberculosis. 

The letter “‘N”’ following a plus symbol indicates that at least some of the lesions showed 
central softening or caseation necrosis. 


1 
2 
3 
+ 
5 
6 
7 
8 
9 


parison with 7 animals receiving sulfapyridine that died during this 
period. Nine were living when the experiment was terminated eight 
weeks after inoculation. The fate of all of the animals can best be 
understood by referring to the data as given in tables 1 and 2. 

The study of the 12 treated animals that lived more than three weeks 
after inoculation and the corresponding controls constitutes the bulk of 
our present report. Seven of the treated animals died during the last 
five weeks and 5 were killed, one on the thirty-seventh day and 4 on the 
fifty-sixth day, when the experiment was terminated. 


NUMBER 

10 

11 

12 | 
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DIFFERENCES IN BODY WEIGHT 


The weight of each of the guinea pigs in the two groups was recorded 
when the experiment began and each animal was weighed at intervals of 
seven days throughout the period of observation. The weights of the 
12 guinea pigs that received sulfapyridine and that lived three weeks or 
longer and of 12 untreated animals are presented graphically in figure 1. 
With few exceptions the treated animals experienced a gradual but con- 
tinuous loss of weight, while the weight of most of the tuberculous ani- 


700 


: 


2 3 4 5 6 
Time in weeks 


*-Untreated guinea pigs 
e-Animals that received sulfapyridine 


Fic. 1. Comparative weights of the two groups of guinea pigs during a period of eight 
weeks. 


mals that were not treated was maintained or actually increased during 
the same period. 

The differences in the weight of the two groups of animals can prob- 
ably be explained on the basis of inappetence caused by the continuous 
or prolonged administration of sulfapyridine. We have no evidence to 
indicate that sulfapyridine per se would have caused the loss of weight. 


PATHOLOGY 


At the time of necropsy gross anatomical changes were recorded and 
tissues from the principal organs preserved for subsequent microscopical 
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study. The tissues preserved in most instances included lungs, liver, 
spleen, both kidneys, the region of the dermis into which the infecting 
bacteria had been injected and the axillary lymph nodes, when these 
structures were discernible. In addition there were obtained from the 
animals in the treated group portions of the stomach, small and large 
intestine and the urinary bladder. The tissues were fixed in 10 per cent 
solution of neutral formalin and sections were stained with hematoxylin 
and eosin and with a Ziehl-Neelsen combination. 

The amount and character of tuberculosis present microscopically in 
the respective animals in the two groups of guinea pigs are summarized 
in tables 1 and 2. 

The amount of tuberculosis observed in the untreated or control group 
was similar to what one would expect following the subcutaneous injec- 
tion of guinea pigs with a virulent strain of Mycobacterium tuberculosis 
hominis. Unmistakable lesions of tuberculosis occurred in all of the 
animals. Even those that were killed twenty-three days after injection 
were definitely and strikingly affected. As one would expect, the 
severity of the infection increased with the duration of life after inocula- 
tion. The extent of the tuberculous process microscopically in the 
respective animals was not dissimilar to the impressions formed after 
examining the material grossly at the time of necropsy (figure 2). 

Spleen: As may be noted in tables 1 and 2, lesions, usually of a grave 
character, occurred in the spleen of all of the untreated animals, while 
in the spleen of two of the animals that had received sulfapyridine no 
lesions of tuberculosis were found. Without exception the tuberculosis 
present in the spleen from the animals in the treated group was definitely 
less severe than in the spleen from the corresponding untreated controls. 
The average weight of the spleen from the animals in the untreated 
group was 4.07 gm. while the average weight of the spleen of 11 treated 
animals including the one with gross lesions of tuberculosis was 1.07 
gm.° 

The microscopical appearance of the spleen in the treated and un- 
treated guinea pigs was markedly dissimilar. The lesions in most of the 
spleens of the animals that had received sulfapyridine appeared to be 
static or progressing slowly. The lesions were usually limited to a few 
or to a moderate number of splenic corpuscles with minimal, if any, 

5 When the weights of the spleen from the animals in the treated group were computed 


the spleen of the twelfth guinea pig was excluded because a portion of the organ had been 
removed for the making of cultures. 
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involvement of the splenic pulp (figure 3a). The cellular make-up of 
the lesions was typically epithelioid and it was exceptional for the 
lesions to have replaced all of the lymphoid elements of the involved 
splenic nodule. Conglomerate tubercles were few and the cellular in- 


Fic. 2. Spleens of 12 treated and 12 untreated guinea pigs that died or were killed from 
the twenty-third to the fifty-sixth day after being inoculated with tubercle bacilli. The 


spleens in the bottom row and in the third row from the bottom are from untreated animals. 
The spleens in the other two rows are from animals treated with sulfapyridine. 


tegrity of the lesions was maintained in a surprisingly large number of 
the lesions. In fact, in the 10 spleens that showed lesions in the treated 
group of guinea pigs, central necrosis or softening was noted in only 3 
spleens. In some of the animals in which the infection had been present 
fifty-six days, many splenic nodules were not affected and large portions 
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the spleen were without morphological evidence of tuberculosis. 
‘‘ndoubtedly the failure of the spleens from the animals in the treated 
‘roup to become hyperplastic was due to the failure of the infection to 
xtend into the pulp tissues from the affected splenic nodules. 

Generally speaking the lesions of tuberculosis in the spleens of the 
inimals that had been given sulfapyridine were those of a process that 
vas established under difficulties. The disease had progressed slowly 
nd sufficient inhibitory factors were evidently operative to prevent, in 
most instances, an extension of the morbid processes into the tissues of 
the splenic pulp. 

The significance of the lesions that occurred in the spleens of the 
ireated animals becomes more impressive when the lesions just described 
are contrasted with those that were present in the spleens from the 
animals that were not treated. The spleens from the animals in this 
latter group were, with perhaps one exception, definitely and markedly 
hyperplastic; gross signs of tuberculosis were present in all instances and 
microscopically the picture was that of a rapidly advancing, destructive, 
necrotizing tuberculosis with few, if any, signs of the influence of an 
inhibitory mechanism (figure 3b). 

Liver: The livers from 11 of the 12 guinea pigs that had received sulfa- 
pyridine were available for microscopical examination. Although lesions 
of macroscopical dimensions were not observed in any of the livers, 
tubercles were found microscopically in 6 (table 1). In 5, the livers 
appeared to be either normal or excessively fatty. In 2 of the tubercu- 
lous livers the disease was rather extensive in its distribution and many 
of the tubercles showed caseation. In the others in which the disease 
was present the lesions were few or moderate in number. 

While the lesions for the most part showed a predilection for the situa- 
tions adjacent to the central veins, not a few lesions occurred in the midst 
of the parenchymal cells of the lobules. Most of the tubercles were 
solitary although, in instances where the involvement was severe, con- 
glomerate tubercles occurred. 

The tubercles were composed predominantly of epithelioid cells with 
variable numbers of histiocytes. Very few lymphocytic forms were seen. 
None of the lesions showed evidence of encapsulation or peripheral 
fibrosis. Acid-fast bacillary forms could be demonstrated in many of 
the lesions but they were never abundant. 

In the control group of animals all livers except 2 were tuberculous 
(table 2). In the livers in which lesions were present the character of 
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the disease did not differ essentially from that noted in the livers from the 
animals that had received sulfapyridine. The lesions were composed 
predominantly of epithelioid cells, softening had occurred in some and 
encapsulation or other morphological evidence of resistance on the part 
if the affected livers was absent. 

Lung: In the animals that received sulfapyridine the tuberculous 
involvement of the lungs paralleled rather closely the disease in the livers 
(table 1). Tissues from the lungs of 11 of the 12 guinea pigs were ex- 
amined microscopically and lesions of tuberculosis were present in 6. 
In the lungs of 5 animals tuberculosis was not observed.*® 

Microscopically the involvement of the lungs did not present any un- 
usual or noteworthy features. In a few instances there were signs of an 
early pneumonic process associated with the tuberculous changes. 
Usually the tuberculous lesions consisted of diffuse collections of epi- 
thelioid cells with variable numbers of histiocytes. The lesions had an 
irregular outline and appeared to be expanding by a tuberculogenic 
activity of the periphery. Not infrequently the lesions had become 
confluent and conglomerate tubercles were not uncommon. Central 
caseation necrosis was discernible in the lesions of 5 of the 6 animals in 
which the lungs were tuberculous. Encapsulation of the lesions had not 
occurred although in one animal some of the lesions showed early or 
beginning peripheral fibrosis. 

As may be noted in table 2, lesions of tuberculosis were present in the 
lungs of all but one of the 12 animals in the control group. The lesions 
were similar in character to those noted in the lungs of the animals that 
had received sulfapyridine. Although it would perhaps be fallacious to 
suggest that differences existed in the severity of the lesions in the lungs 


Fic. 3a. Discrete epithelioid tubercles with minimal involvement of pulp tissues in 
spleen of a tuberculous guinea pig that received sulfapyridine and was killed after fifty-six 
days. X70 

Fic. 3b. Diffuse progressive necrotizing tuberculosis in spleen of guinea pig not treated 
with sulfapyridine and killed after twenty-three days. 45 

Fic. 4. Epithelioid reaction with minimal necrosis in axillary lymph node of a tuberculous 
guinea pig treated with sulfapyridine and killed after fifty-six days. X15 

Fic. 5. Necrotizing, destructive tuberculosis of axillary lymph node of guinea pig not 
treated with sulfapyridine and killed after fifty-six days. 15 


® Although tissues from the lungs of the twelfth guinea pig were not available for micro- 
scopical examination, no gross signs of tuberculosis were noted when the lungs were examined 
at necropsy. 
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of the two groups of animals, one got the impression that the disease was 
more marked and perhaps more aggressive in the lungs of the animals 
that had been treated. This is only an impression and is perhaps of no 
significance. 

Axillary lymph nodes: One of the most striking differences noted in 
the tuberculous involvement in the respective tissues in the two groups 
of guinea pigs was the character and severity of the disease in the lymph 
nodes of the axilla. Although all animals in both groups had received 
the infective bacteria in approximately the same situations in the sub- 
cutaneous tissues over the sternum, tuberculosis of the contiguous lymph 
nodes was observed in only 2 treated animals. In the untreated group 
these structures were strikingly involved in 10 of the 12 animals (tables 
1 and 2). 

In the two instances in the treated group in which the axillary nodes 
were affected, the character of the lesions was somewhat different from 
that of the lesions in the affected lymph nodes from the untreated 
animals. In the former, although there was definite lymphadenopathy 
microscopically, the component parts of the nodes were still discernible 
and the tuberculous process consisted largely of diffuse ill-defined col- 
lections of epithelioid cells and histiocytes with evidence of central soften- 
ing. Peripherally, however, the lymphoid elements of the node were 
intact (figure 4). The involvement of the nodes from the untreated 
animals was profound. In most instances little if any of the normal 
parenchymal structures remained (figure 5). Instead the structure was 
frequently that of a circumscribed caseous abscess that extended to what 
had been the capsular zone of the node. In a few instances diffuse sheets 
of epithelioid cells were present but caseation was always a prominent 
feature of the lesions. Early calcification was observed in some of the 
lesions of the axilla from the untreated animals. 

Skin from site of inoculation: In the two groups of animals there were 
grossly no significant differences in the character or severity of the 
changes in the skin where the tubercle bacilli had been injected. With 
few exceptions the site of the inoculation was readily recognizable. 
The region was indurated and in many instances ulceration had oc- 
curred. 

Microscopically certain differences in the lesions from the two groups 
of animals appeared to exist. Those from the untreated animals showed 
extensive destruction of the dermis with marked necrosis and frequent 
extension of the morbid processes into the tissues of the hypoderm. 
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Most of the lesions were definitely progressive and suppuration of the 
involved tissues was a notable feature. In only 2 of the animals was 
there fibrosis or encapsulation of certain foci or evidence of tuberculous 
granulation. Although frequently showing necrosis and suppuration, 
generally speaking the lesions from the treated group of animals appeared 
less destructive and aggressive. Many lesions, especially those that had 
persisted for several weeks, showed a definite tendency toward fibrosis. 
In some instances encapsulated tubercles occurred and in one animal the 
lesions showed extensive hyalinization of the connective tissue. Al- 
though fibrosis was a definite and readily discernible feature of many of 
these lesions and suggested a tendency toward healing, it was also evident 
that in none of the lesions had the infection been eliminated or even 
satisfactorily controlled. So-called hard and soft tubercles remained 
in which acid-fast bacilli could be demonstrated. 

Kidney and bladder: No lesions of tuberculosis were found in the kid- 
neys of any of the animals of either group. Neither the kidneys nor the 
urinary bladder showed any changes that might be attributable to effects 
of the sulfapyridine. 

Intestinal tract: Since the animals in the treated group received sulfa- 
pyridine by way of the mouth it appeared pertinent that the stomach 
and the intestines be examined to determine if the daily ingestion of 
relatively large amounts of the drug produced recognizable morphological 
changes. The importance of this phase of the study was emphasized 
after several of the guinea pigs in the treated group had died from what 
appeared to be causes other than tuberculosis. Significant lesions of 
the intestinal tract were found in 4 of the 20 guinea pigs that comprised 
the treated group when the experiment began. One of the 4 died ten 
days after sulfapyridine was first administered. Two of the remaining 
3 died after twenty-three days and the other died after sulfapyridine 
had been given for thirty-eight days. 

At necropsy of the guinea pig that died ten days after treatment with 
sulfapyridine had begun, a moderate amount of obstruction was noted 
in the large bowel. Microscopically a cross-sectional view of the large 
intestine showed the lumen to be practically obliterated by tissue debris 
(figure 6). The tissue in the lumen apparently represents exfoliated 
epithelial cells from the mucosa of the intestine. Most of the cells in 
what was the lumen of the gut showed early necrobiotic changes. The 
intestinal mucosa was intact but in a state of hyperplasia. The rest of 
the gut seemed to be normal. 
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The large intestine of one of the guinea pigs that died twenty-three 
days after the experiment began showed a replacement of portions of 
the epithelium by fibrous connective tissue. The affected part of the 
intestinal mucosa was in deep folds. While the epithelial cells in the 
involved region were largely replaced by the connective tissue, ‘‘ghost’’ 
forms remained in which the outlines of glandular structure could be 
seen. 

The guinea pig that died thirty-eight days after receiving the first 
dose of sulfapyridine presented a striking haemorrhagic enteritis at 
necropsy. ‘The last 10 cm. of the small intestine and the entire large 
bowel were dark red and the lumina were filled with sanguineous mucous 
material. Microscopically the small intestine showed the effects of a 
violent reaction. There was marked haemorrhage throughout the sub- 
mucosa with congestion and haemorrhage of the stroma supporting the 
villi. The large goblet cells were greatly dilated. Portions of the mu- 
cosa had become detached and the resultant cellular debris practically 
filled the lumen. The situation in the large intestine was similar to that 
found in the small intestine. Severe haemorrhage had occurred through- 
out the width of the mucous layer (figure 7), and fragmentation and 
loosening of the epithelial cells had occurred. The stomach was ap- 
parently normal. 

In only one instance were lesions found in the stomach. These 
occurred in a guinea pig that died after having received sulfapyridine 
twice daily for twenty-three days. At necropsy the mucosa of the stom- 
ach was found to contain several large haemorrhagic ulcerations (figure 
8). 

Microscopically profound and striking changes were evident. While 
the outer muscular layers were apparently normal the zone beneath the 
muscularis mucosae was filled with haemorrhage and in many of the 
veins were signs of early thrombus formation. Large portions of the 
mucosa showed coagulation necrosis and in some regions ulceration of 
the outer portion of the mucous layer had occurred (figure 9). In many 
regions the vessels supplying the mucosa were markedly congested and 
considerable haemorrhage had occurred among the epithelial cells. It 
was noted that a haemorrhagic exudative reaction had occurred in the 
serosa at one point adjacent to a large thrombosed vein in the sub- 
mucosa. The microscopical appearance of the stomach was that of a 
severe necrotizing, haemorrhagic gastritis. 
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Fics. 6 AND 7 


Fic. 6. Cross-sectional view of large intestine of tuberculous guinea pig treated with 
sulfapyridine and dying after ten days. Hyperplasia of the mucosal layer and lumen filled 
with cellular debris. 30 

Fic. 7. Portion of wall of large intestine of tuberculous guinea pig treated with sulfa- 
pyridine and dying after thirty-eight days. Marked thickening of the mucosal layer due to 
severe haemorrhage. X45 
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Fics. 8 AND 9 


Fic. 8. Severe haemorrhagic, ulcerative gastritis of tuberculous guinea pig that died 
after receiving sulfapyridine for twenty-three days. 

Fic. 9. Portion of the stomach shown in fig. 8. Much of the mucosa is necrotic and there 
is severe haemorrhage under the muscularis mucosae. X40 
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COMMENT 


It would be presumptuous to claim that the results of the investigation 
presented in this report provide sufficient data for adequate appraisal 
of the effects of sulfapyridine in experimental tuberculosis. To do this 
would require a more comprehensive study than that which we have 
done. The investigation does, however, provide data that should prove 
suggestive and useful for additional work. 

The high susceptibility of guinea pigs for virulent strains of Mycobac- 
terium tuberculosis hominis constitutes a formidable fact to be reckoned 
with in contemplating the chemotherapy of experimental tuberculosis 
in these animals. With this premise in mind, any agent that will exert 
a measurable inhibitory effect on the disease becomes of interest. Our 
results suggest that sulfapyridine is such a drug. 

While it is true that tuberculosis had become definitely established in 
one or more situations in all of the treated guinea pigs that lived longer 
than twenty-one days and that these animals might have been expected 
to die eventually of the disease had the experiment been continued in- 
definitely, it is also true that appreciable differences existed in the 
character of the disease in the two groups of animals. These differences, 
it seems reasonable to presume, were due to the effect of sulfapyridine. 
For reasons that appear to be inexplicable the differences in the character 
of the lesions were most striking in the axillary lymph nodes contiguous 
to the site where the tubercle bacilli had been introduced and in the 
spleen. In those animals that did not receive sulfapyridine the amount 
and character of the tuberculous changes in these tissues were severe 
and well marked, with caseation a prominent feature. By all criteria, 
there was present a progressive, destructive tuberculous infection that 
was unaccompanied by recognizable evidence of restraint. 

These changes were in sharp contrast to the pathological picture in 
the spleen and axillary lymph nodes of the animals that received sulfa- 
pyridine. With few exceptions there was present in such animals im- 
pressive and significant evidence that some inhibitory mechanism had 
been operative, with measurable success. The failure of the infection 
to be demonstrably present in the axillary lymph nodes of all but two of 
the treated animals seems important as does the character of the disease 
in the spleen of all but one of the animals that received the drug. The 
failure of all of the spleens but one to become hyperplastic is certainly 
contrary to what happened in the spleen of the animals that were not 
treated. Microscopically the lesions in most of the spleens from the 
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treated animals were definitely those of a tuberculosis that was unlike 
that in the controls. The tubercles were usually discrete epithelioid 
structures with necrosis absent or of minimal proportions. The ten- 
dency of the tubercles to remain for the most part within the confines of 
the splenic corpuscles is a significant feature that did not obtain in the 
spleens from the untreated animals. Generally speaking the inhibitory 
effects we have observed are comparable to those produced with sulf- 
anilamide as reported by Rich and Follis (2). 

Our observations are admittedly of limited scope and our data incom- 
plete; yet after comparing the amount and character of the tuberculosis 
in the two groups of guinea pigs one cannot avoid the impression that a 
modification and retardation of the disease had occurred in those animals 
that received sulfapyridine. It would be fallacious to believe that the 
infection would probably have been eventually eliminated had treat- 
ment been continued indefinitely. It seems more likely that the infec- 
tion would have continued to progress with gradual acceleration until 
death from tuberculosis resulted. 

Our study indicated that sulfapyridine in the doses used may produce 
in some animals a fatal toxicity.? In the few instances in which lesions 
of the alimentary tract were present, sulfapyridine is believed to have 
been the aetiological factor. The grave and unusual character of the 
lesions observed indicates a dangerous propensity of the drug when rela- 
tively large doses are given to animals burdened with a debilitating 
disease. The untoward effects seem to have been initiated by some ac- 
tion on the blood-vascular system of the submucosa. The resultant in- 
terference with the normal circulation is reflected in changes in the mu- 
cosa. The explanation of these changes and their exact character are of 
much interest and provide a problem for additional study. 

The failure of the drug to induce recognizable changes in the kidneys 
seems worthy of emphasis. The large doses and the frequency of ad- 
ministration would have provided ample opportunity for changes in the 
kidneys to have become manifest if the drug were definitely nephrotoxic 
for guinea pigs. 

SUMMARY AND CONCLUSIONS 


A study is reported on the effect of sulfapyridine in experimental 
tuberculosis in guinea pigs. ‘Two groups of guinea pigs, each consisting 
7 The possibility that the changes we presume were due to the toxic effect of sulfapyridine 


were instead the result of agranulocytosis was considered but there was no evidence that 
the latter condition was present. 
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of 20 animals, were used. All of the guinea pigs received subcutaneously 
over the sternum 0.000,1 mg. of a recently isolated strain of Mycobac- 
terium tuberculosis hominis. For three days prior to inoculation with 
tubercle bacilli and for seven days after inoculation each of the animals 
in group 1 received twice daily by mouth 250 mg. of sulfapyridine. 
After ten days the dose of sulfapyridine was reduced to 125 mg. given 
twice daily. Group 2 received tubercle bacilli only. After twenty-one 
days, when a guinea pig in one group died an animal in the other group 
was killed for the purpose of comparison. The experiment was continued 
for fifty-six days after the injection of tubercle bacilli, after which the 
animals that were living were killed for necropsy. The weight of each 
animal was recorded at intervals of one week. ‘Twelve of the animals 
that received sulfapyridine lived three weeks or more. In the control 
group, 4 animals died during the last five weeks of the experiment; 7 were 
killed during the same period for comparison with 7 animals receiving 
sulfapyridine that died during this ao Nine were killed when the 
experiment was terminated. 

The results of the study seem to warrant the following conclusions: 

1. Sulfapyridine exerted a definite modification and retardation of the 
expected course and character of the disease in the animals receiving 
the drug. 

2. The effects of the drug were most noticeable in the character and 
extent of the disease in the spleen and axillary lymph nodes. 

3. Nephrotoxic effects of the drug were not observed. 

4. In several instances grave and extensive changes occurred in the 
mucosa of the digestive tract which presumably were produced by sulfa- 
pyridine. 

5. Although certain desirable modifications in the character of the 
tuberculosis occurred in most of the guinea pigs that were treated, the 
results do not imply that sulfapyridine would be of value in the clinical 
treatment of tuberculosis. 
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PROGRESSIVE PRIMARY TUBERCULOUS COMPLEX 
MILTON R. LOURIA! 


It is a well established and universally accepted fact that the primary 
tuberculous infection is almost invariably asymptomatic. It is only by 
means of close and frequent observation of individuals or groups, with 
serial X-ray studies and repeated tuberculin tests, that it is possible to 
establish the time of the initial infection. Despite the intense and active 
pathological processes which accompany the evolution of the primary 
tuberculous complex, the affected individual rarely exhibits constitutional 
manifestations of a disease process and hence is not likely to seek medical 
advice. In a limited number of cases, the primary pulmonary complex 
does not go on to healing with characteristic calcific changes in the 
parenchyma and in the regional lymph nodes; instead, the primary lesion 
may progress with fatal outcome. 

It is the purpose of this communication to present briefly an instance 
of a progressive primary tuberculous complex with rather bizarre mani- 
festations and fatal outcome; and also a case of a severe primary infection 
with marked constitutional manifestations but eventual recovery. 
Recognition of the character of the pathology at the earliest possible 
moment is essential, as a prolonged regimen of bed-rest may possibly be 
the important factor in favoring retrogression and preventing fatal 
progression of the lesion. 


Case 1: Severe primary complex. 

A white school girl, age fourteen, was seen on March 19, 1939. She gave a 
history of malaise of ten days’ duration, and chilly feelings with irregular fever 
of one week’s duration. There was occasional slight nonproductive cough 
since the onset of the illness. Three days before examination a rash had ap- 
peared on the legs. The fever had fluctuated from 101° to 104°F. 

Family history was negative for tuberculosis. The patient’s past history 
included childhood diseases but no serious or protracted ailments. Specifically 
there was no history of rheumatic fever, pneumonia, pleurisy, bronchitis or 
swollen lymph nodes. There were no past or present complaints referable 
to the gastrointestinal or genitourinary systems. There was no history of 
recent weight loss or night sweats. 
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Physical examination showed a well developed girl of fourteen lying com- 
fortably in bed in no apparent pain or discomfort. She looked perfectly well 
and complained only of feeling slightly feverish. Temperature was 103°F., 
pulse 100, respiration 24, blood pressure 118/80. The physical examination 
was entirely negative except for questionable impairment of the percussion 
note below the angle of the scapula on the right side and a rash on the anterior 
aspects of the legs. This rash consisted of about a dozen scattered nodules, 
approximately a centimeter in diameter, violaceous in color and easily palpable. 
The nodules seemed to be in the subcutaneous tissue. Several of the nodules 
were faintly tender on pressure. No definite diagnosis was made on this 
examination and the patient was hospitalized for further study. 

Physical examination on the following day at the hospital showed no new 
signs. The temperature fluctuated from 101° to 103°F. Blood count: red 
cells 4,700,000, haemoglobin 84 per cent; white cells 12,300 with 67 per cent 
polymorphs, 7 per cent band forms, 21 per cent lymphocytes and 5 per cent 
monocytes. The urine was entirely normal. Blood culture taken on the day 
of admission was sterile. X-ray film (figure 1) of the chest showed marked 
enlargement of the hilar nodes on the right with infiltration in the right lower 
lung field. At this time the diagnosis seemed to rest between Boeck’s sarcoid 
and primary tuberculous infection. Biopsy of a skin nodule was advised but 
refused. A tuberculin test by the patch method was very strongly positive. 

The patient showed no new physical signs while in the hospital. The skin 
nodules gradually disappeared until they were barely palpable and visible 
after ten days. ‘Temperature returned to normal in two weeks, following which 
the patient was returned to her home for continuation of treatment by bed- 
rest. It should be emphasized that while the patient was in the hospital she 
felt perfectly well except for a slight feverish feeling when the temperature was 
above 101°F. At no time was there any cough or pain in the chest. The skin 
nodules caused no subjective discomfort. 

The patient has been observed at frequent intervals since her discharge. 
She is still kept at bed-rest. Recent X-ray films (figure 2), six months after 
the first examination, show gradual decrease in the perihilar adenopathy and 
simultaneous absorption of the inflammatory focus in the right lung. 


Fic. 1. Case 1. X-ray on admission to hospital, showing marked enlargement of the 
right hilar nodes and primary infection in the right lower lung field. 

Fic. 2. Case 1. X-ray after six months of bed-rest, showing decrease in the size of the 
hilar nodes and almost complete absorption of the inflammatory parenchymal process. 

Fic. 3. Case 2. X-ray at the time of admission, showing primary infection in the right 
lower lobe. 

Fic. 4. Case 2. X-ray at the time of admission, showing the interlobar pleural reaction 
accompanying the primary infection. 

Fic. 5. Case 2. Three months after admission, showing pericardial effusion. 


& an. 
Fic. | a Fic. 2 
| 
a 
* 
4 
‘ Fic. 5 
i 
Fics. 1-5 


MILTON R. LOURIA 


Case 2: Fatal primary infection. 

A fifteen year old colored school girl was admitted to the hospital on Decem- 
ber 24, 1937 with the complaints of fever, malaise, intermittent cough and 
occasional pain in the chest of four months’ duration. The symptoms became 
more intense three weeks before admission. Past history was entirely nega- 
tive. The family history was irrelevant. 

Physical examination showed a rather poorly developed and poorly nour- 
ished colored girl. The significant findings were confined to the thorax. The 
right side of the chest showed limitation of respiratory movement, diminished 
breath sounds and marked dulness. Distant bronchovesicular breathing was 
heard above the level of the fourth rib anteriorly on the right; no rales were 
audible. The left lung was essentially clear. The diagnosis on admission was 
empyema. On admission the blood count showed 8,000 white cells, with 
70 per cent polymorphs, 23 per cent lymphocytes and 7 per cent transitional 
cells. The temperature during the first day of observation ranged from 101° 
to 105°F.; the pulse from 100 to 140. X-ray films (figures 3 and 4) showed 
absence of illumination of the right lower lung field suggesting consolidation 
with probable effusion. 

A thoracocentesis revealed bloody pleural fluid on the right side. This 
fluid was bacteriologically negative on smear and culture. Guinea pig inocu- 
lation was likewise negative. 

The patient expectorated small amounts of mucoid material which were 
consistently negative for tubercle bacilli. Gastric washings were also negative 
for acid-fast organisms. Approximately two months after admission a single 
positive concentrate was reported. The patient’s general condition and 
physical signs remained essentially unchanged for a number of weeks. At 
times a moderate number of fine rales were heard over the right lower inter- 
scapular region. Three months after admission the patient developed severe 
and progressive dyspnoea accompanied by enlargement of the area of cardiac 
dulness and diminished intensity of the heart sounds. X-ray film (figure 5) 
confirmed the clinical impression of the pericardial effusion. Pericardial tap 
was performed and 450 cc. of sanguineous fluid was obtained. Grossly this 
fluid resembled that which had been withdrawn from the right pleural cavity. 
Evacuation of the fluid from the pericardial sac resulted in marked relief of 
the patient’s dyspnoea. One week later the signs indicated reaccumulation 
of pericardial fluid; 300 cc. was withdrawn. The pericardial effusion was 
bacteriologically negative; guinea pig inoculation was likewise negative. The 
blood count at this stage of the patient’s illness showed haemoglobin 75 per 
cent; red cells 3,950,000; white cells 24,600 with 90 per cent polymorphs. 
Blood culture was sterile both on admission and on several subsequent occa- 
sions. 

The patient became progressively weaker and expired on April 26, 1938, 
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four months after admission to the hospital and approximately eight months 
after the clinical onset of her illness. 

Autopsy: The right pleural cavity contained about 200 cc. of thin sanguin- 
eous fluid. The pleural layers were markedly thickened and were the site 
of caseous changes; in places the pleural layers were agglutinated by firm 
adhesions. The right lower lobe showed a large area of consolidation with 
central caseation. This area of consolidation merged imperceptibly with 
surrounding normal lung tissue without capsular separation. Throughout 
the rest of the pulmonary parenchyma were scattered yellow and caseous 
nodules varying from 1 to 4 mnt. in diameter. The pericardium was thick- 
ened and showed gross caseous changes. The pericardial cavity was com- 
pletely obliterated by granulation tissue and fibrous adhesions. The heart 
showed no valvular changes. Enlargement and gross caseous changes were 
noted in the tracheobronchial, mediastinal, oesophageal, mesenteric and peri- 
pancreatic lymph nodes. Small tubercles were noted on the mucosal surface 
of the midportion of the ileum. At this site and also at the terminal ileum 
four small oval ulcerations were noted. 


COMMENT 


In regard to the first case one might raise the question of diagnosis. 
What conclusive evidence can be brought forward to definitely establish 
the diagnosis? If it is tuberculosis, why should one accept the further 
qualification of a primary type of infection? It is true that the ultimate 
diagnostic proof of tuberculous disease rests on the finding of the bacillus 
or on the demonstration of characteristic gross and microscopical lesions. 
In this case neither pathological nor bacteriological evidence can be 
adduced. However, one might say the same about thousands of patients 
in our hospitals and sanatoria with minimal or even moderately advanced 
tuberculosis. These patients often have a negative sputum throughout 
the course of their illness and still the clinical picture is accepted as 
representing tuberculous disease. 

In the case under discussion the patient was relatively asymptomatic 
except for the elevated temperature. X-ray studies indicated marked 
enlargement of the right hilar nodes together with extensive infiltration 
in the right lower lung field. The X-ray film also failed to indicate evi- 
dence of a previous primary pulmonary infection. Six months after 
the onset, the hilar nodes showed pronounced retrogressive changes 
together with suggestion of beginning calcific deposits; concomitantly, 
the pulmonary infiltration receded. The diagnosis thus rests on a purely 
clinical basis; to a large degree, the factor of excluding other diseases as 
likely to simulate this clinical picture plays an important réle. 
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The skin eruptioti in this case is worthy of mention. It is difficult to 
decide how these lesions should be classified. A biopsy with study of 
the histological character of the lesion might have clarified the situation. 
From the clinical point of view it is difficult to decide whether they repre- 
sent a variant of the sarcoid type. In this particular case, the lesions 
did not have the tenderness so often found in erythema nodosum nor did 
the coloration pass through the successive stages so often seen in this 
disease. On the other hand, the patient’s tuberculin reaction was very 
highly positive; this is unusual in benign sarcoid; furthermore the short 
duration of the infection is hardly characteristic of sarcoid of Boeck. 

In the second case, there is no question about the tuberculous disease. 
The only question that arises is one that concerns the primary character 
of the disease in contradistinction to reinfection tuberculosis. The diag- 
nosis of progressive primary disease is supported by the absence of an 
older primary focus and by the character of the large unencapsulated 
caseous area in the lung. The extensive generalization as well as the 
histological character of the pulmonary lesion are completely in accord 
with pathological descriptions of the progressive primary complex as 
given by Auerbach and others. 

It would appear that some special and definite factor should account 
for the development of a severe or fatal type of primary infection. This 
factor would seem to be related either to the tubercle bacillus or to the 
host. The most obvious explanation would appear to lie in the intensity 
of the infecting dose; in other words, the severe type of primary infection 
might result from an initial infection with a massive dose of tubercle 
bacilli or from repeated large doses of bacilli over a short period of time. 
One can easily conceive of this type of infection occurring from close 
contact of the individual with a case of cavitary tuberculosis with a highly 
positive sputum. Available clinical data, however, do not support this 
hypothesis. In neither case described above was there a family history 
of tuberculosis; a careful check-up revealed no known contact with the 
disease. In the first case physical and roentgenological examination of 
the parents showed no evidence of active tuberculosis; the father’s film 
showed a few productive strands in the upper lobes suggestive of a healed 
minimal lesion. In the series reported by Auerbach, no contact history 
could be obtained in 8 of the 17 cases. 

The questions of individually heightened “susceptibility” and ineffec- 
tuality of the usual mechanism of combating infection in individuals who 
show manifestations of the severe type of primary tuberculous infection 
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are still subjects for purely speculative discussion. Jaffé (1) stated that 
the serious forms of the primary complex occur when the body is unable 
to develop sufficient resistance to localize the infection; that these serious 
forms are found especially in infants and in small children, particularly 
when there has been continuous superinfection with resulting repeated 
stimulation of the exudative caseating inflammation. It has already 
been mentioned that this hypothesis is perfectly logical and may well 
be the true explanation of the serious type of primary complex; unfortu- 
nately, however, there are no satisfactory statistical data to support this 
point of view. One might also consider the possibility of infection in 
these cases being caused by a tubercle bacillus of heightened virulence. 
This phase of the subject can at least be subjected to some degree of 
laboratory testing. It would seem worth while to isolate the tubercle 
bacillus from cases of fatal progressive primary infections and test the 
virulence of the organism in comparison with other strains. 

The pathological features of the progressive primary complex have 
been adequately described by Auerbach (2) and others and will not be 
further detailed in this communication. 

Regarding the clinical aspects of the progressive primary complex, 
there is no characteristic or pathognomonic feature by means of which 
early diagnosis can be made with certainty. In general, malaise and 
fever are the outstanding manifestations. Cough is usually absent until 
the disease process has advanced considerably. In the earlier stages, 
sputum is not available; in fact the disease may progress to a fatal 
termination without the expectoration of sputum. If liquefaction of 
the primary infection takes place with formation of a “‘primary cavity,” 
then one would expect a positive sputum or a positive gastric lavage. 

Physical examination is likely to be entirely negative unless the pri- 
mary infection in the lung has attained considerable size. Even in such 
cases, physical findings are scant in comparison to the X-ray changes, 
which may be extensive. Dulness is usually observed before there are 
any definite auscultatory signs. Diminution in the intensity of breath 
sounds over the affected areas may result from partial obstruction of 
the bronchus by the enlarged peribronchial nodes. 

The initial clinical picture, characterized by malaise and fever without 
cough may suggest an influenzal type of infection. Persistence of symp- 
toms with the findings of abnormal chest signs and definite roentgeno- 
logical changes may lead to the diagnosis of central pneumonia. 

Sputum examination is of little avail. The primary infection is not 
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likely to provide a positive sputum, unless liquefaction necrosis with the 
formation of a primary cavity has occurred. In the fatal case reported 
above, a single positive sputum was reported two months after admission 
to the hospital. Subsequent sputum examinations were negative for 
tubercle bacilli. However, the failure to find other organisms in the 
sputum which commonly cause pulmonary infiltration or consolidation 
is of value in directing the line of diagnostic inquiry toward tuberculous 
infection. 

The clinical management of the case of severe primary infection is 
important. After all, it is only logical to assume that progression of the 
primary complex and haematogenous generalization is preceded by a 
pathological stage confined to a relatively limited area of the pulmonary 
parenchyma and the neighboring lymph nodes. There would seem to 
be justification for feeling that the pathological process might be influ- 
enced towards retrogression by keeping the individual at complete bed- 
rest for some months; on the other hand, physical activity at such a 
time will be a factor in encouraging increase and spread of the disease. 
This is not meant to imply that every case of primary infection should 
be kept at bed-rest until calcification of the primary complex has taken 
place. On the face of it, such a suggestion is absurd. However, if a 
primary infection has been of such severity as to cause high temperature 
and constitutional reactions, then one should consider the case as carry- 
ing the potentiality of progression and keep the individual at rest until 
definite X-ray evidence of retrogressive changes in the lung and the lymph 
nodes has been observed. Histories of cases of fatal progressive primary 
infection show periods of malaise preceding the more severe symptoma- 
tology. Even without the comforting assurance of statistical data, one 
is tempted to speculate on the possibility of arrest of the disease and 
prevention of the fatal progression by means of early bed-rest. 

In the fatal case reported above, sulfanilamide therapy was employed 
for a short period of time with no noticeable results on the clinical status. 
However, further trial of sulfanilamide or one of its derivatives may be 
justified. The author does not have personal knowledge of pneumo- 
thorax being used in cases of progressive primary complex. There seems 
to be no good reason why this should not be attempted. If generalization 
of the infection has occurred before pneumothorax is instituted, nothing 
has been lost. On the other hand, pneumothorax may diminish the 
opportunity for spread of the infection through the lymphatic and vascu- 
lar channels in the neighborhood of the parenchymal lesion. 
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SUMMARY 


1. Two case reports have been presented of the severe type of the 
primary tuberculous complex; one of the patients recovered, the other 
patient died with evidence of generalized dissemination in addition to 
the primary complex in the lung. 

2. It is suggested that early recognition of this form of tuberculous 
disease with appropriate therapy may possibly influence retrogressive 
changes and prevent fatal progression. 
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ANORECTAL TUBERCULOSIS! 
G. H. C. JOYNT 


There still appears to be a widely varied opinion regarding the relation- 
ship of tuberculosis to chronic suppurative infections of the anorectal 
region. It has long been recognized that fistula-in-ano and anorectal 
abscess are frequent complications of pulmonary tuberculosis but the 
reports are confusing regarding the aetiology of these infections. 

More than two thousand years ago the relationship between fistula- 
in-ano and phthisis was observed. Discussions of anorectal disease 
appear in the earliest records of medical history. The ancient writings 
of Celsus, Hippocrates and the Old Testament contain references to 
fistulae and related subjects. The modern literature is quite large and 
voluminous on this subject. 

Clinically the usual picture of anorectal tuberculosis is characterized 
by a variety of symptoms including itching, sense of irritation, localized 
pain, painful defecation and the presence of a purulent discharge; patho- 


logically it is usually characterized by swelling, induration, caseation, 
abscess and fistula formation. 


MODE OF INFECTION 


In general, it is thought that anorectal tuberculosis occurs as a com- 
plication of pulmonary tuberculosis and rarely occurs as a primary 
lesion. Infection of the anorectal region, according to Gabriel, may 
occur by four routes: 

1. By infection from the bowel lumen: Most workers believe that this is 
the most probable route of infection. It is commonly thought that the 
infection begins with involvement of the crypts of Morgagni. As pointed 
out by Rankin, Bargen and Buie, these anal crypts are surrounded by 
lymphoid tissue and are formed by the juncture of the skin with the 
mucous membrane at the inner margin of the anus. The crypts are 
susceptible to trauma during the daily bowel movement and, with a 
break in the tissues, infecting organisms may enter and infection of the 
crypts may result. Thus the infected crypt becomes oedematous, the 


1 From the Queen Alexandra Sanatorium, London, Ontario. 
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papilla becomes inflamed and adherent over the crypt and this nidus of 
infection is the beginning of the fistula. From this portal of entry the 
infection spreads out into the tissues adjacent to the anus. It may ex- 
tend (a) subcutaneously and superficially to the anal muscles, (6) through 
the muscular structures themselves, (c) between the internal and external 
sphincter muscles, (d) upward between the mucosa of the rectum without 
first passing into the ischiorectal tissues. According to Rankin, Bargen 
and Buie approximately 85 per cent burrow either through the substance 
of the external sphincter or between it and the internal sphincter. It 
ultimately finds its way into the ischiorectal fossa where the tissues are 
lax and an abscess develops. Spasm of the sphincter muscles prevents a 
return flow of pus towards the anus. As the abscess increases in size it 
may either rupture or be opened by incision. The abscess usually rup- 
tures on the cutaneous surface but may tract into one or more of the 
pelvic viscera. Occasionally a tract will burrow from its source under 
the pectinate line between the anal muscles and upwards under the 
rectal wall, forming an abscess which adheres to and ultimately ruptures 
into the rectum. 

Occasionally there is excessive destruction of muscle fibres and the pus 
is able to escape by returning along the course of the tract, and is dis- 
charged into the anal canal at the portal of entry of the infection. In 
such a case there is often no rupture externally and consequently the 
fistula is not completed. The result is a blind anal sinus. The term 
fistula implies the existence of two openings and unless the tract is com- 
plete no fistula is possible. Martin has stated that as soon as an ischio- 
rectal abscess ruptures to the surface or is incised a fistula results. Thus 
it is important to note that all anal fistulae have an internal opening. 

In recent years attention has been directed by Lockhart-Mummery to 
the intramuscular glands of the rectum. These are tubular glands which 
occur in relation to the anal canal; they may extend into or through the 
internal sphincter, and provide a possible source of infection of the 
rectal wall and of the apex of the ischiorectal fossa. 

2. By the blood-stream: Tubercle bacilli may be carried in the blood- 
stream from some focus in the body and lodge in the submucous layer 
of the rectum or in the fat of the ischiorectal fossa giving rise to a deep- 
seated abscess. Most observers believe that a blood-stream infection 
is an infrequent occurrence. 

3. By direct external inoculation: Occasionally an ischiorectal abscess 
may result from external inoculation with tubercle bacilli. Fingers of 
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patients or attendants contaminated with tubercle bacilli may come in 
contact with an abrasion of the anus and infection may result. 

4. By direct extension: Infection of the ischiorectal fossa may occur by 
direct extension from tuberculosis of the prostate, seminal vesicles, spine 
or pelvis. 


CLASSIFICATION 


Various classifications of anorectal infections have been made but inas- 
much as it bears little relation to the origin of the condition only a brief 
review will be made. Gabriel has classified anorectal abscesses accord- 
ing to their origin and approximate frequency as follows: anal 60 per cent, 
ischiorectal 27 per cent, submucous 10 per cent, pelvirectal or supra- 
levator 3 per cent. The terms are descriptive of the early stages of the 
abscess. In the course of its development an acute abscess may spread 
and infect neighboring parts; thus a large anal abscess may be partly 
ischiorectal, a submucous abscess may tract down and infect both anal 
region and the ischiorectal fossa, and a pelvirectal abscess invariably 
tends, sooner or later, to infect the underlying ischiorectal fossa. 

Fistulae-in-ano have been classified according to the relationship of 
the main tract to the anal musculature by Mulligan and Morgan. Clas- 


sification includes three groups: (/) subcutaneous or submucous in which 
the tract is superficial to the sphincter muscles or is limited to the sub- 
mucous layer; (2) anal fistulae in which the main tract enters the anal 
canal below the anorectal ring, usually at the anal intermuscular septum, 
but occasionally deep to the external anal sphincter muscle; (3) anorectal 
fistulae in which the main tract extends above the anorectal ring. 


MODE OF INVESTIGATION 


Various investigators have recommended many different methods 
and criteria for the diagnosis of tuberculosis in anorectal infections. 
The examination of smears of the exudate from ischiorectal fistulae for 
tubercle bacilli with the Ziehl-Neelsen stain is usually unsatisfactory. 
It has been estimated that about 100,000 bacilli per cubic centimetre 
must be present in order to find acid-fast bacilli in the ordinary smear. 
As Medlar has pointed out, tubercle bacilli are few in number about 
chronic tuberculous lesions, particularly those with a large number of 
giant cells. Thus, paraffin sections stained by Ziehl-Neelsen technique 
may also be unsatisfactory. It is interesting to note, however, that 
tubercle bacilli can be demonstrated fairly frequently in tuberculous 
lesions with large numbers of polymorphonuclear neutrophils present. 
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Most investigators have accepted histological examination as adequate 
evidence of tuberculosis. Sweany stated that the diagnosis of tuberculo- 
sis in fistulae of the anus and rectum depended entirely on the histo- 
pathological changes. He pointed out that the diagnosis depended on 
the presence of tuberculous granulation tissue with Langhans’ type of 
giant cell, characteristic tubercle formation and necrotic centre, fibro- 
blastic capsule and monocytic and lymphocytic infiltration. 

Guinea pig inoculation has been considered by many to be the most 
accurate way of proving a fistula tuberculous. This method is said to 
discern as few as 10 to 100 virulent tubercle bacilli per cubic centimetre of 
material employed. Stanbury has pointed out that one of the objections 
to animal inoculation as a routine diagnostic procedure is the difficulty 
of animals dying of intercurrent infection before tuberculosis has had time 
to develop in the guinea pig. Buie, Smith and Jackman have recently 
described a method of animal inoculation in which two guinea pigs are 
used, one being inoculated subcutaneously and the other intraperi- 
toneally. Gabriel considered that the most accurate method of proving 
a fistula to be tuberculous is by animal inoculation but pointed out that 
this is an expensive and tedious process before a report is available. He 
stated that the correct diagnosis might be made in the majority of cases 
by histological examination. 

Cultural methods have been recommended by many investigators for 
the demonstration of the tubercle bacillus. Chisholm and Gaus re- 
ported that the injection of suspensions prepared from pus, scrapings or 
tissue, injected into guinea pigs or inoculated into suitable culture media 
was the most reliable test. Investigators working on culture media for 
the detection of the tubercle bacillus have reported excellent results 
with a modified Petragnani’s medium. Norton, Thomas and Broom 
reported that this cultural method produced more positive results, 
saved expense and usually saved time. Cowen and Henderson stated 
that this culture medium gave better results than any other they have 
tried. 

At the Queen Alexandra Sanatorium histological examination has been 
extensively used in the diagnosis of anorectal infections and, since 1936, 
culture of the pus, scrapings or tissue on a modified Petragnani’s medium 
has also been carried out, further details of which are given below. The 
culture medium used was a modification of Petragnani’s recommended 
by Saenz and Eisendrath in which asparagin is substituted for the pep- 
tone in the original formula. 

The specimen for cultural examination was prepared in the following 
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manner. The tissue was macerated with sand in a mortar using sterile 
instruments. With this mixture a few cubic centimetres of normal saline 
was thoroughly mixed and the supernatant fluid was poured off into a 
sterile test tube. An equal volume of 3 per cent sodium hydroxide was 
added and the test tube was thoroughly shaken for about ten minutes 
in a mechanical shaking device. When thoroughly suspended the test 
tube was immersed in a water bath at 37.5°C. for three-quarters of an 
hour. On removing the specimen from the water bath the mixture was 
neutralized by the addition of dilute hydrochloric acid, a few drops of 
bromo-thymol-blue being used as an indicator. At the end of this time 
the specimen was centrifugalized at high speed for twenty minutes and 
the supernatant fluid drawn off with a sterile pipette. A portion of the 
sediment was smeared out on a slide and stained by the Ziehl-Neelsen 
method for microscopical examination. If tubercle bacilli were not 
found by this method the sediment was heavily inoculated by means of a 
pipette upon four tubes of modified Petragnani’s medium and incubated 
at 37.5°C. for eight weeks. The use of the four tubes from each speci- 
men has greatly reduced the possibility of error and has produced very 
reliable results. The seeded tubes were examined weekly and if growth 
was present a scraping of the colony was prepared in the usual method 


for microscopical examination. When the findings were inconclusive a 
subculture of several of the colonies was carried out. While no claim 
is made that cultural examination is the most accurate method of in- 
vestigating anorectal tuberculosis, it is our opinion at the Queen Alex- 
andra Sanatorium that cultural methods are a very reliable aid in the 
diagnosis of anorectal infections and offer many advantages over animal 
inoculation. 


OBSERVATIONS 


This study is based on a review of 67 consecutive cases of anorectal 
tuberculosis admitted to the Queen Alexandra Sanatorium from 1933 
to 1939. There were 24 of these cases with the condition present on 
admission. In 23 cases there was no laboratory examination carried 
out and only a clinical diagnosis was made. 

Age and sex: Since anorectal tuberculosis is usually a complication of 
pulmonary tuberculosis, the age incidence will follow the general age 
incidence of tuberculosis. Gabriel stated that rectal fistula is a disease 
of adult life and réported an age incidence of from twenty-one to sixty- 
two years. Chisholm and Gaus reported a series with ages ranging 
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from sixteen to fifty-two years. Martin reported an age incidence vary- 
ing from thirteen to seventy-four years. The total cases admitted to 
the Queen Alexandra Sanatorium from 1933 to 1939 fall in the age 
groups as follows: 


Age Number of Cases 


31-40 years 
41-50 years 
51-62 years 


It is to be noted that the age of incidence in our series ranges from 
seventeen to sixty-two with an average of 30.5 years. 

Fistula-in-ano and ischiorectal abscess appear to be considerably more 
common in men than women. At St. Mark’s Hospital, over a ten-year 
period, Gabriel reported 1,030 male fistulae compared with 335 female, 
a ratio of about three to one. Clarke pointed out that ischiorectal ab- 
scess and fistula occur in males about eight times more commonly than 
in females. Chisholm and Gaus in a series of 71 cases of anorectal 
tuberculosis reported 53 cases in males and 18 in females. In our series 
of 67 cases there were 53 males and 14 females, a ratio of three to one. 

Aetiology: As previously noted the aetiology of anorectal infections is 
one of the most disputed problems of this subject. Reports of the in- 
cidence of tuberculous fistula range from 10 to 100 per cent. This wide 
divergence of opinion may be explained in part by the criteria accepted 
as satisfactory for the diagnosis of a tuberculous fistula and by the type 
of patient studied. Gabriel reviewed a series of 888 cases of fistula at 
St. Mark’s Hospital from 1932 to 1936 and reported 13.4 per cent showing 
histological evidence of tuberculosis. In a report of 55 cases with pul- 
monary tuberculosis at the Chicago Municipal Tuberculosis Sanitarium, 
Martin found 56 per cent of the anal fistulae to be tuberculous. Sweany 
estimated that over 75 per cent of the fistulae of the anus and rectum 
should be found tuberculous in patients with pulmonary tuberculosis. 
Chisholm, in a study of anorectal fistulae, found 77 per cent tuberculous 
in a series of 31 cases with active pulmonary tuberculosis and 55 per cent 
in 18 cases of arrested pulmonary tuberculosis. Stanbury, at the Moun- 
tain Sanatorium in Hamilton, studied the tissue from ischiorectal fistulae 
in a series of 20 cases, 19 with pulmonary tuberculosis and one a tubercu- 
lous suspect. He reported 16 cases (80 per cent) to be tuberculous. 
Buie, Smith and Jackman in a series of 17 cases (9 patients with active 
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pulmonary tuberculosis and 8 cases with healed lesions in the lungs) 
reported 100 per cent tuberculous. 

In this review of 67 cases there was no histopathological or cultural 
study done on 23 cases. All the patients in this series had pulmonary 
tuberculosis on admission to the sanatorium except one who subsequently 
developed a minimal lesion in the sanatorium with a positive sputum. 
Of the 44 cases that were investigated, 40 were classified as far advanced 
pulmonary tuberculosis and 3 as moderately advanced. One case, 
mentioned above, a seventeen year old young man who had been treated 
over a two-year period for fistula-in-ano before admission, developed a 
minimal lesion six months after entrance to the sanatorium. 

Table 1 shows the results of investigation in this series of 44 cases of 
which 38 were proved tuberculous by laboratory means. Six of 8 cases, 


TABLE 1 
Results of laboratory investigation of 44 cares of anorectal infection 


PROVED 
METHOD OF INVESTIGATION TUBERCULOUS 


Studied by histopathological examination only... . 
Studied by Ziehl-Neelsen stain 
Studied by cultural examination only 


* Six cases proved tuberculous by both methods. 


studied by histological and cultural methods, were positive for tubercu- 
losis by both methods. Of the 9 cases investigated by cultural methods 
only, 7, or 78 per cent, were found to be positive for tubercle bacilli and 
one of these cases reported negative on culture was also found to be 
negative on guinea pig inoculation. As described above, all the speci- 
mens investigated by cultural means were first stained by the Ziehl- 
Neelsen method and examined microscopically. This group includes 
the 8 cases investigated by both methods and the 9 cases studied by 
cultural methods only. Thus, from these results, it would appear that 
either histopathological or cultural examination is a reliable aid in the 
diagnosis of anorectal tuberculosis. 


INCIDENCE 


The reports on*the incidence of anorectal tuberculosis from various 
sanatoria vary from 1 to 18 per cent. In 1926 Leslie reviewed the 


PER CENT 
Studied by both cultural and histopathological 
27 23 85 
17 2 12 
9 7 78 
| 
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literature and concluded that there was no uniformity of opinion regard- 
ing the incidence of tuberculosis of the terminal end of the bowel. Law- 
rason Brown stated that fistula is a rather frequent complication of 
pulmonary tuberculosis, occurring in about 3 per cent of all cases. Lock- 
hart-Mummery found that 4 per cent of all the tuberculous patients 
admitted to the Brompton Hospital were suffering from fistula. At the 
Chicago Municipal Sanitarium, Martin reported 7 per cent of the 
patients had anal fistulae. Chisholm estimated that from 3 to 5 per cent 
of all persons with pulmonary tuberculosis developed anorectal com- 
plications. Stanbury reported the probable incidence of fistula at the 
Mountain Sanatorium to be between 1 and 2 per cent. 

A review was made of the patients discharged from the Queen Alex- 
andra Sanatorium in the year 1938. Tuberculosis was found to be pres- 
ent in 309 patients of which 12 cases (4.7 per cent) had anorectal tuber- 
culosis diagnosed by laboratory examination. Hence, the results from 
our series do not vary materially from the incidence quoted above. 


RELATION TO TUBERCULOUS ENTERITIS 


Several authors have reported that there appeared to be no relation- 
ship between ischiorectal fistula and the presence of tuberculous en- 
teritis. During the past two and a half years a routine gastrointestinal 


examination with a barium meal has been carried out on all patients on 
admission to the Queen Alexandra Sanatorium. In 38 cases with 
anorectal complications a barium series was done and in 18 cases (47 
per cent) tuberculous enteritis was also found to be present. This 
group is too small to draw any conclusions. However, it is interesting 
to note the high percentage of cases of tuberculous enteritis associated 
with anorectal complications. 


RESULTS OF TREATMENT 


Treatment of anorectal disease is chiefly surgical. The medical 
management consists of general care of the patient with active treatment 
of the primary disease in the lung. If an acute abscess is present, the 
procedure has been to drain the abscess, usually using local anaesthesia. 
Chronic abscesses and fistulae can usually be cured by radical excision 
under spinal anaesthesia. 

In our series there were 62 cases treated by surgical means. Forty- 
seven of these cases were cured, 12 improved and 2 unimproved. Of the 
12 cases classified as improved there were 9 patients who died of pul- 
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monary tuberculosis while in the sanatorium, one case effected his own 
discharge and the other 2 cases are still in residence. One patient classi- 
fied as unimproved is still a patient in the sanatorium. This man had 
been under treatment for a two-year period for fistula-in-ano before ad- 
mission and no pulmonary lesion was present on entrance to the sana- 
torium, although a minimal lesion developed six months later. Three 
radical operations under spinal anaesthesia were performed in an at- 
tempt to eradicate the infection. Eventually a colostomy was done and 
this procedure has appeared to improve the condition at least tem- 
porarily. The other patient in the unimproved group died in residence. 
This patient was admitted to the sanatorium with a far advanced pul- 
monary lesion and a healed ischiorectal abscess. An abscess subse- 
quently developed and eventually tremendous destruction of ischiorectal, 
perirectal and perianal tissues occurred. Six months before death a 
colostomy was done to alleviate rectal symptoms. In the later stages 
the patient developed a bronchogenic spread in the lung. These results 
of treatment of anorectal tuberculosis show that the anorectal com- 
plications usually heal and only infrequently do they become the chief 
focus of infection. 


SUMMARY 


1. A study of anorectal tuberculosis at the Queen Alexandra Sana- 
torium was made in a series of 67 cases, 44 of which were studied by 
laboratory methods. 

2. Histopathological and cultural examinations were used to establish 
the diagnosis in this series. Cultural methods appear to be a valuable 
and practical aid in the diagnosis of anorectal infections. 

3. The age incidence of patients with anorectal tuberculosis follows 
the general age incidence of tuberculosis. Anorectal complications are 
considerably more common in men than in women, the proportion being 
about three to one. 

4. Laboratory study of material from anorectal fistulae and abscesses 
in a series of 44 cases reveals evidence of tuberculosis in 38. 

5. Anorectal tuberculosis generally occurs as a complication of pul- 
monary tuberculosis. Primary anorectal tuberculosis is probably ex- 
tremely rare. 

6. The occurrence of tuberculous anorectal complications in this series 
shows an incidence of about 5 per cent. 


A 
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7. Some relationship may exist between anorectal tuberculosis and 
tuberculous enteritis, but present studies are as yet inadequate on which 
to draw definite conclusions. 

8. Tuberculous anorectal complications usually heal and only infre- 
quently are they the chief focus of infection. 


The author desires to thank Dr. D. W. Crombie and staff of the Queen Alexandra Sana- 
torium for their assistance and advice in preparing this paper. 
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THE INCIDENCE OF TUBERCULOSIS AMONG 
STUDENTS AT LUND UNIVERSITY 


ERIK HEDVALL' 


In most civilized countries pulmonary tuberculosis is at present 
characterized by an insiduous, protracted course and a prolonged absence 
of clinical symptoms. When such symptoms finally appear, the lung 
changes have by then frequently spread very extensively in one or both 
lungs. Often they are cavernous and have for a long time been infec- 
tious. Having regard to both the individual case and to the danger of 
infection to the environment, it is therefore essential that pulmonary 
tuberculosis should, if possible, be diagnosed before the appearance of 
morbid symptoms. This can be done, however, only if we methodically 
search for the cases of pulmonary tuberculosis among seemingly healthy 
persons and not wait until those affected are driven by their symptoms to 
our consulting rooms. It is exactly along these lines that the dispen- 
saries have been working for quite a long time when they see to it that 
not only the consumptive patient but also the other members of the 
household are examined. Yet in spite of this, many cases of pulmonary 
tuberculosis are still diagnosed too late for any effective treatment to 
be undertaken. In view of this, methodical examinations of healthy 
individuals, especially those in the dangerous period for pulmonary 
tuberculosis, between eighteen and thirty-five years of age, have been 
started in various parts of the world. The first mass investigation of 
this kind in Sweden was carried out by Doctor Malmros and myself on 
students at the University of Lund. The investigation was started in 
1930 and is still being continued, The practical result of this investiga- 
tion, of which I shall give an account in this article, was so important 
that mass investigations are at present being carried out in various 
parts of Scandinavia not only on students but also on different groups 
of workmen. This method also now forms part of the normal working 
method of the dispensaries in Sweden in their fight against tuberculosis. 

The investigation has from the very beginning been carried out on 
two principles. In the first place, endeavors have been made to diminish 


1 Lund Hospital, Lund, Sweden. 
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the danger of contagion, to reduce the risk of tuberculous infection and 
by that means to prevent the occurrence of new cases of tuberculosis. 
In the second place, we have tried to diagnose the cases of tuberculosis 
occurring—in spite of all our efforts—as early as possible and to arrange 
early and suitable treatment. In order to realize this working program 
it was necessary to examine the students not only when entering the 
University but also at least once a year as long as they continue their 
studies. The cases of pulmonary tuberculosis detected were sent to a 
sanatorium for treatment. In this way the danger of infection to the 
other students during their period of study was considerably diminished. 
Further, the incidence of primary infection among the medical students 
was carefully studied in order to find out what course or courses were, 
from the point of view of tuberculous infection, to be regarded as more 
dangerous than others. The result of this inquiry led to the introduction 
of important prophylactic measures. 

The students are examined at the Students’ Tuberculosis Bureau at 
Lund Hospital, open three times a week during the terms. All students 
on registration at the University are obliged to come to the Bureau for 
examination. At the first visit a careful record of the history is taken, 
the tuberculin sensitivity is tested and a sedimentation test is made. 
Fluoroscopy and radiography are also performed regularly. The tuber- 
culin reaction is first tested by Pirquet’s method. If the reaction is 
negative the tuberculin sensitivity is then retested by the Mantoux 
method with 0.1 up to 1 mg. tuberculin. Only those who do not react 
to 1 mg. tuberculin are regarded as negative tuberculin reactors. A 
reéxamination of all students is made at least once a year, when the 
tuberculin sensitivity is retested if the previous reaction was negative. 
A sedimentation test and a fluoroscopic examination are made on all. 
In addition to the radiogram taken at the first examination, all students 
are radiographed every third year while they continue their studies at 
the University. Further, an X-ray examination is also made when the 
previous history, rate of sedimentation or fluoroscopy indicates some- 
thing suspicious or when greater caution is necessary for some other 
reason. Moreover, when the tuberculin reaction changes from negative 
to positive a radiogram is taken every third month during the first year 
after the primary infection and every six months during the second year, 
even if no changes have been demonstrated. On the other hand, if any 
changes are observed they are followed by means of radiograms at in- 
tervals of a few weeks or months irrespective of expense. 


772 ERIK HEDVALL 


In order to obtain material for comparison with the medical students, 
who are undoubtedly exposed to a certain risk of tuberculous infection 
when carrying out their duties, the probationary nurses at the South 
Sweden School for Nurses were also examined at the Students’ Tubercu- 
losis Bureau at Lund. The principles of their examination are the 
same as those for the students (1). 

Altogether 3,336 persons have been examined, 638 of whom were medi- 
cal students, 1,367 philosophy students, 409 theology students, 488 law 
students and 434 probationary nurses. Among these, 133 cases of in- 
disputably active tuberculosis were found, amounting to approximately 
4 per cent of the material. 

That tuberculosis plays an important réle among the students and 
among the probationary nurses is obvious from these figures alone. 
Complete information is not obtained, however, until we analyze the 
figures a little more closely. For that reason we have divided the 133 
cases into three groups, as follows: 

Tuberculin Normal X-ray 
reaction at picture at 


beginning of beginning of 
investigation investigation 


Yes 
+ Yes 
+ No 


Group 1 comprises 47 cases who were tuberculin-negative and had 
normal lung radiograms when entering the University or School for 
Nurses. Thus they were not infected from the beginning, but sub- 
sequently developed tuberculous changes. Group 2 contains 43 cases 
who had been infected with tuberculosis at some period in their lives 
(they were positive reactors from the beginning), but on registration at 
the University or School they were radiologically normal. These cases, 
too, developed tuberculosis later. Finally, group 3 consists of the 
remaining 43 cases, who also showed evidence of having been infected 
with tuberculosis some time in their lives. But these cases did not show 
a normal X-ray picture of the lungs. Some of them had tuberculous 
lung changes already when they entered the University or School for 
Nurses. Others did not develop tuberculosis until a later period of their 
study. 

In general the tuberculous changes were progressive and significant, 
even if occasionally they might at first appear to be rather benign. The 
tuberculous changes when the disease was diagnosed are listed on page 773. 
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Group 1. Erythema nodosum 
Erythema nodosum + primary lesion 
Phlyctena + primary lesion 
Primary lesion 


Tuberculosis of cervical or abdominal lymph nodes. . . 
Miliary tuberculosis 
Pulmonary tuberculosis 


Group 2. Pulmonary tuberculosis 
Tuberculosis of hilar lymph nodes 
43 


43 
133 


The significant réle played by tuberculosis in the lives of the students 
and probationary nurses in Lund, however, is not fully understood until 
the cases have been followed for a very long time. For instance, one of 
the 3 cases of erythema nodosum has already developed tuberculous 
changes in the lungs, another bilateral phthisis and tuberculous peri- 
tonitis and died about eighteen months after the appearance of the 
erythema nodosum. Five of the 21 cases with primary lesions have 
since been complicated with exudative pleurisy, and 4 others with 
pulmonary tuberculosis. Of the pleurisy cases (group 1) one subse- 
quently developed tuberculous peritonitis and another secondary 
perihilar infiltration. Another 2 of the pleurisy cases have since the 
collocation of the results of the investigation developed incipient pul- 
monary tuberculosis. The case of miliary tuberculosis died soon after 
diagnosis. Of the cases of pulmonary tuberculosis one has died, several 
have developed changes of such a nature that pneumothorax had to be 
induced (bilateral in 2 cases). One of the cases of tuberculosis of the 
hilar lymph nodes belonging to group 2 has since developed perihilar 
infiltration, one of the 4 cases with exudative pleurisy developed pul- 
monary tuberculosis, as a complication, and died. The cases of pulmo- 
nary tuberculosis in groups 2 and 3 frequently showed progression, render- 
ing pneumothorax treatment necessary. A great many of them required 
sanatorium care. 

We thus see that the tuberculous changes met with were by no means 
benign, in spite of the fact that the diagnosis could most frequently be 
made at a relatively early stage and symptoms of disease were often 
wanting. Thus in more than half the material the patients were in 
complete subjective health when the disease was diagnosed. The 
early diagnosis and treatment of the cases nevertheless gave good re- 
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sults. The collocation of the material covers the period from 1930 to 
the end of the spring term of 1937. If we now examine the course of 
these 133 cases, which have thus been followed for from two to nine 
years, the result will be as follows: 
Present condition of the tuberculous students 
110 cases of active tuberculosis 


85 


Cases treated at 
sanatorium or hospital 


| 


25 


Cases not treated at 
sanatorium or hospital 


7 6 2 23 26 21 2 9 14 
Dead Atsan- Not Recovered. Contin- Contin- Still Healed Healed 
atorium owork- Working.  uing uing active orin- or in- 
ing Havecom- studies(no studies tuber- active active 
pleted pneumo- (pneumo- culosis. tuber- tuber- 
studies thorax) thorax) Working culosis. culosis. 
and have Com- Contin- 
positions pleted  uing 
studies studies 
and have 
positions 


Of 110 cases 95 are at present fit for work 
Corresponding conditions are found in the 23 cases of active tubercu- 
losis among the probationary nurses. 


Present condition of the tuberculous nurses 
23 cases of active tuberculosis 


| 


15 8 


Not treated at sanatorium 


Treated at sanatorium ! 
or hospital 


or hospital 


i 


3 3 1 6 2 
Married Working Still ac- Healed or Healed or 
tive tuber- inactive 


as nurses inactive 
culosis. tuber- 


tuber- 
Working culosis. 


culosis. 
Married Working 
as nurses 


Dead At san- Not 
atorium working 


15 cases out of 23 are at present fit for work 
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Taken together with the students we have, therefore, 110 of the 133 
cases fit for work. 

It is of interest, however, not only to know the number of cases of 
tuberculosis found and how they have developed, but also to learn the 
frequency of the disease in the different groups. 


Incidence of tuberculosis in the different faculties 


NUMBER OF PERCENTAGE OF 
CASES OF TUBERCULOSIS IN 
TUBERCULOSIS | DIFFERENT GROUPS 
FOUND EXAMINED 


NUMBER 
OF PERSONS 
EXAMINED 


Medical students 638 72 11. 
Philosophy students 1,367 17 
Theology students 409 
Law students 488 9 
Probationary nurses 434 23 


3,336 


This shows that the occurrence of tuberculous changes was enormously 
greater among the medical students than among the other students. 
Thus the percentage of tuberculosis among the medical students was 
11.3 as compared with 1.2 among the philosophy students, 2.9 among the 
theology students and 1.8 among the law students. The number of 


tuberculous cases found among the medical students (not only the pri- 
mary infected ones) was nearly twice that of all the other faculties taken 
together. And yet the number of medical students does not amount to 
more than 20 per cent of the total number of students at the University. 
The excessive morbidity among the medical students is only comparable 
to that among the probationary nurses, who also show a very high figure, 
5.3 per cent. This figure, however, is in fact too low, since the proba- 
tionary nurses in general had one to two years’ service at a hospital 
before being admitted to the School for Nurses and the cases of tubercu- 
losis occurring among them during that period are not included in our 
table. On entrance to the School all pupils must be in full health. The 
figures indicate that both medical students and probationary nurses 
are exposed to a considerable risk of tuberculous infection in the exercise 
of their duties. 

It is also of interest to study the time at which the tuberculous changes 
appeared after entering the University. For this purpose, however, we 
can only use those students belonging to groups 1 and 2—comprising 
altogether 69 of the 90 students and nurses—as they were the only 
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ones who had normal lung roentgenograms for certain at the outset, and 
many of them were also tuberculin-negative (about 50 per cent), con- 
sequently the pulmonary tuberculosis developed while they were pur- 
suing their studies at Lund (table 1). 

From table 1 it will be seen that the theology students and law students 
in general developed tuberculosis during the first two years of study, 
while the philosophy students did not get the disease until a year or so 
later. But the number of cases is too small to warrant any definite 
conclusion being drawn. A significant feature, however, is the distribu- 


TABLE 1 
When did tuberculosis appear in the students? 


THEOLOGY LAW YEAR MEDICAL —— 


I 0 0 


II 4 0 


Ill 10 


10 


WD 
Or OR OC OOO 


0 
0 
2 
2 
5 
5 
7 
3 
6 
4 
4+ 
2 
3 
1 
1 
1 
0 
1 


oor NN 


tion of the cases among the medical students. During the first year of 
study no case of tuberculosis was found, during the second year 4 cases 
were detected and during the third to the fifth year 10 cases each year. 
Afterwards the number of cases decreased. During the sixth to the 
ninth year only 6, 4, 2 and 1 cases respectively were diagnosed. Thus 
most of the tuberculous cases were discovered during the third to the 
fifth year of study, a period which coincides with the last course before 
and the first courses after the beginning of the practical training at the 
hospital. Now what is the cause of this excessive tuberculous morbidity 
among the medical students? They live under practically the same con- 


| LAW 
2 2 
1 1 0 
IV |_| 1 1 1 
V 10 2 0 2 
1 | 
1 VI 6 0 0 0 
1 
1 VII 4 1 0 1 
1 
1 VIII 2 | 0 0 0 
1 
1 Ix 1 | 0 0 | 0 
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ditions as other students in the University City of Lund, which has a 
population of about 26,000. They have their meals in general in the 
same dining rooms and frequent the same club-rooms as their fellow- 
students from the other faculties. And at the beginning of their studies 
they are tuberculin-negative to about the same extent as the other 
students. The considerable excess of morbidity ascertained among the 
medical students must, therefore, be due to a risk of tuberculous infection 
to which students belonging to other faculties are not exposed. Then 
our thoughts naturally turn to the practical training at the hospitals, 
during which there are ample opportunities of being infected, even 
if every precaution is taken to prevent infection. But the table shows 
us that quite a number of medical students are primarily infected before 
they begin their training at the hospitals, and consequently some course 
or other taken before this training must be significant from our point of 
view. Of course, infection may have taken place during military service, 
part of which is done in the summer before the hospital training is 
commenced. That isolated cases of tuberculous infection also occur 
during this period is very probable. But service in the army and navy, 
at any rate during this period, does not involve a greater risk of tubercu- 
lous infection for medical students than for other students. The cause 
must therefore be found somewhere else. The medical students them- 
selves have for a long time suspected that the course in general pathology 
constitutes a danger of tuberculous infection. This course is taken 
before the duty at the hospital begins and covers one term, during 
which period no other course can be taken. In conjunction with a 
colleague, Doctor Alwall, I have made an investigation of this problem. 
The first thing to find out was during which course the medical students 
who were originally tuberculin-negative became positive. In order to 
make a special examination of the conditions in the course in general 
pathology we tried to have a radiogram taken and a tuberculin test made 
both at the beginning and at the end of this course. 

Altogether there are 47 cases of primary infection among medical 
students. In not less than 16 of these cases there is a significant con- 
nection between the course of general pathology and the appearance 
of the primary infection (table 2). In the other cases the primary in- 
fection occurred either before or after the pathological course, during the 
training at the hospitals. Unfortunately a large number of the cases 
were not tuberculin tested often enough to enable us to state an exact 
time for the appearance of the primary infection. 
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Table 2 shows the 16 cases in which the primary infection occurred 
during the course in general pathology. For the sake of clarity only 
the important courses are recorded in each case. The negative and 
positive signs denote the result of the tuberculin test. The dots below 
these signs indicate when the patient attended the Tuberculosis Bureau. 
The vertical, undulating line denotes when the hospital duty began. 
Thus before this line infection at the hospital is excluded. 

It is significant how frequently the primary infection coincides with 
the course in general pathology. In a number of cases a primary lesion 
appears in association with the primary infection (cases 4 and 8), in 
others an exudative pleurisy (cases 2, 8 and 15), in one case tuberculous 
peritonitis (case 15), in others again pulmonary tuberculosis (cases 5, 6, 
9,12, 13 and 14). The interval between the negative and the positive 
reaction in case 13 may seem to be rather long, that is, the positive 
reaction was not recorded until a long time after the termination of the 
course in general pathology. But it should be noted that the patient, 
who gave a negative reaction as late as the 30th of January and by this 
time showed a normal lung picture, already felt ill a short time after the 
conclusion of the course. During the summer he had haemoptysis; 
nevertheless, he did not consult a doctor. He did not consult me until 
September of the same year, and then the changes were already cavern- 
ous and extensive in both lungs. 

The infection acquired during the course in pathology may have origi- 
nated from fellow-students or physicians. In two courses there were 
undoubtedly possibilities of tuberculous infection, but primary infection 
occurred quite as frequently during those courses where there was 
certainly no source of infection among the fellow-students. And all 
the staffs of the different institutes, from professors to janitors, labora- 
tory assistants and charwomen, were found on examination to have 
normal lung conditions. On that account the two professors at the 
Pathological Institute, Sjévall and Lindau, have carried out thorough 
and repeated examinations of the autopsy rooms for the presence of 
tubercle bacilli. Samples were taken from towels, trays, dust on the 
autopsy tables and in the rooms, etc. and it was found that in spite of 
all precautions as regards cleanliness during the postmortem examina- 
tions themselves tubercle bacilli were discovered in the rooms and on the 
different objects when an examination was made twenty-four hours 
after a necropsy examination of a person with pulmonary tuberculosis. 
In addition to guinea pig inoculations cultural experiments were made 
on Léwenstein’s culture medium, whereby it was possible to obtain a 
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quantitative idea of the presence of tubercle bacilli on the objects and 
in the rooms examined. After a conference between the two professors, 
a representative of the Students’ Union and myself, more and more 
stringent precautions of disinfecting the autopsy rooms were taken 
and finally it was agreed, at least for the present, to limit the necropsy 
examinations of tuberculous patients as much as possible. The results 
of the latter step are as yet available for only two terms. Nevertheless 
examinations showed that for the first time all tuberculin-negative reac- 
tors at the beginning of the course were also negative at the conclusion 
of the course. The investigation is being continued and the definite 
result is awaited. But even at this stage we may be justified in expres- 
sing the view that in order to reduce the excessive tuberculous morbidity 
among medical students, which is characteristic not only of the con- 
ditions in Lund but also in other parts of the world, precautionary meas- 
ures against infection must be taken not only in hospitals, but also in 
rooms in which necropsy examinations of tuberculous subjects are per- 
formed. 


SUMMARY 


1. Mass examinations of apparently healthy persons are valuable and 
should be employed in antituberculosis work everywhere. Among 3,336 
students and probationary nurses, altogether 133 cases of active tuber- 
culosis were detected. In 47 of these 133 cases the primary infection 
occurred in adult life. 

2. Thanks to early diagnosis and early treatment the final result was 
good. One hundred and ten of the 133 cases are now at work again. 
Of the other cases, 9 have died, 5 are unfit for work and 9 are still at the 
sanatorium. 

3. Most of the cases of tuberculosis were found among medical 
students and the disease generally appears during the third to fifth years 
of study. 

4. The investigations carried out seem to indicate that the excessive 
tuberculous morbidity among the medical students can be explained by 
their being infected in the autopsy rooms and during their practical 
training at the hospital. Everything should be done to diminish the 
risk of tuberculous infection, as even a primary infection in adult life is a 
serious occurrence which may lead to severe consequences. 


REFERENCE 


(1) Matmros, H., AnD HEpvALL, E.: Die Entstehung u. Entwicklung der Lungentuberku- 
lose, Tuberkulose-Bibliothek, no. 68, p. 223, Leipzig, Johann Ambrosius Barth. 


TUBERCULOSIS SURVEY OF SAN BERNARDINO COUNTY! 
EMIL BOGEN? 


San Bernardino County, California, is the largest single county in 
the United States, covering over 20,000 square miles, or more than the 
combined extent of New Hampshire, Massachusetts, Delaware and 
Rhode Island. Most of the land, however, is desert, traversed by 
a few main highways along which are scattered small settlements, and 
more than nine-tenths of the 150,000 inhabitants dwell in the fertile © 
valleys of the southwestern corner of the county. 

San Bernardino County has had an exceedingly high tuberculosis 
mortality rate ever since the first available figure of 250 deaths, repre- 
senting 381 per hundred thousand population, in 1915. Although the 
decline in the tuberculosis death rate in San Bernardino County has 
followed that of the remainder of the country, it is still quite high, being 
more than twice that of the United States as a whole, and ranking tenth 
among the California Counties with the highest tuberculosis mortality 
rates in 1938 and for some years before. 

There are only two local institutions caring for patients with tuber- 
culosis in San Bernardino County. On the average, about 75 patients 
are cared for in the county hospital and private sanatoria in the county. 
This constitutes less than one-third of the minimum requirement of 
two beds per death for the adequate care of this disease, an obvious 
factor in the high tuberculosis mortality rate in San Bernardino County. 

Tuberculin tests were given to 11,783 persons, including nearly half 
of the entire school population, in 1935 and 1936. Only the first dose 
of PPD was used and no retests were made. There were 1,878 positive 
reactions observed in the entire group. A large number of individuals 
who were negative in this test would undoubtedly have yielded positive 
reactions if the test had been repeated with a larger dose. Such repeti- 
tion gave only a 25 per cent increase in the incidence of positive re- 
actions in 56,688 tuberculin tests throughout the country, but more 
than doubled the percentages found positive in California in 1937. 


1 A report on S. E. R. A. Project # 36-F2-323 and W. P. A. Project # OP65-3-3488. 
* Olive View Sanatorium, Olive View, California. 
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There is no reason to expect, however, that the proportion of all persons 
infected with tuberculosis who fail to react to the small dose of tuberculin 
varies greatly with respect to age, sex, race or district. The results of 
the first test may be used, therefore, as an index to the incidence of 
tuberculous infection in the various groups, rather than as a measure 
of the full extent of such infection. 

The most striking difference observed in this series was between the 
two races. The average incidence of positive tests among the white 
students was much less than half that observed in the Mexicans, in 
spite of the fact that in every group the white subjects showed a higher 
age incidence, indicating that the true ratio of infection between the 
two races was even higher than appears from these figures. The high 
death rate from tuberculosis among Mexicans has been attributed to 


TABLE 1 
San Bernardino County tuberculin test results 


NUMBER PER CENT ANNUAL ATTACK 
TESTED POSITIVE 


7,342 10.9 
4,071 10.1 


11,413 10.8 


5,677 5.1 10.9 
5,734 10.6 


greater inherited or acquired constitutional susceptibility to the disease, 
or to exposure to initial infection in adult years. The figures for San 
Bernardino County lend no support to such speculations. The Mexican 
children here are exposed at an earlier age and consequently develop 
over twice as high an incidence of infection. This aloneappears adequate 
to explain the differences in morbidity and mortality rates between the 
two racial groups. 

The incidence of positive reactors varied in different districts, cor- 
responding, generally, with similar variations in morbidity and mor- 
tality rates. Thus the incidence of positive reactors in Colton was 
more than double that of Redlands. This difference is mainly due to 
the high frequency of tuberculous infection among the Mexicans who 
make up a large part of the population of the former city. In each 
race, age and sex group, however, the incidence of positive reactors at 
Colton is disproportionately high, and that at Redlands relatively low. 


1.5 

1.6 
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The incidence of positive tuberculin tests is a function of the age 
of the population tested. The incidence of positive reactors in this 
study ranged from zero in the 8 infants in the first two years of life 
to 24 per cent in the sixteen year old group. The average annual attack 
rate, or the percentage of negative reactors who must be infected an- 
nually to yield the actual percentage of positive reactors found at any 
age, may be calculated as 1 minus the nth root of the percentage of 
survivors at that age, where n is the age of the group, in years. The 
fact that this figure, calculated for each age group in this series, falls 
within a few points of the average of 1.6 per cent per year indicates 
that the amount of exposure has been relatively uniform at different 
ages and in different calendar years in this group, and supports the 
use of the average annual attack rate as a simple unit for comparing 
the incidence of tuberculous infection in different groups. 

The 11,413 persons under the age of twenty-one had a total incidence 
of 15.5 per cent positive reactors, and an average age of slightly less 
than eleven years, yielding an average annual attack rate of 1.5 per cent 
per year. The females averaged several months younger than the 
males, but had a slightly higher average annual attack rate. The aver- 
age annual attack rate among the Mexicans, of 2.9, was nearly three 
times the rate of 1.0 found for the whites. 


SUMMARY 


A tuberculin survey involving nearly 12,000 inhabitants of San 
Bernardino County shows that the total incidence of tuberculous infec- 
tion, as well as of tuberculous disease and death, is unduly high. The 
tremendous excess of tuberculous infection among the Mexican inhab- 
itants of the County is the most significant finding of the study and 
goes far to explain most of the other differences observed. The defi- 
ciency of sanatorium beds for the care of open cases of pulmonary 
tuberculosis in San Bernardino County is reaping its harvest in the form 
of an excessive tuberculosis incidence, morbidity and mortality rate. 
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CASE-FINDING! 
W. H. HATFIELD 


In any scheme of tuberculosis control adequate case-finding methods 
are of great importance. A great deal has been written about case- 
finding and various methods have been widely accepted and applied. 
It appears to us, however, that more thought might be given to evaluat- 
ing results obtained in an attempt to be more specific as to type and 
details of the methods that may be expected to bring the maximum 
results. 

It is difficult to compare results in different areas as there are so many 
variables, such as types of population (race, age, sex and social condi- 
tions), densities of population and geography. For example, we are 
prone to compare mortality rates between areas without recognizing 
the many variable factors. We will, therefore, make no comparisons 
but simply report and analyze results as they appear in British 
Columbia. 

Tuberculosis in British Columbia is under complete state control. 
The area covered is 366,255 square miles and the population served is 
761,000, with one large city of 316,437, several smaller cities, and the 
rest far flung in scattered communities. 

(1) Where to concentrate case-finding efforts: First, a stock-taking 
and then a yardstick to measure results are necessary. We have di- 
vided our Province into 18 statistical areas, and, monthly, plot death 
rates, known cases and new cases, all divided into age, sex and race. 
We have three distinct racial groups: white, oriental and Indian, the 
first two living together and under Provincial control, the latter on 
reserves and under Dominion control. The Indians, therefore, will not 
be considered statistically or otherwise in this report. 

Figures for 1938, exclusive of Indians, for the whole province are as 
follows: 


1 From the Division of Tuberculosis Control, Provincial Board of Health, Vancouver, B. C. 
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By comparing the statistical areas, with due allowance for types of 
population, it is possible to concentrate all case-finding methods and to 
continue with follow-up and pneumothorax centres where they are 
most needed. 

A figure of 15.9 known cases per death is higher than any we have 
found in the literature and, as stated, comparisons are difficult to make, 
but it would appear at least to justify our case-finding methods and to 
permit of their analysis. 

(2) Tuberculin testing: The tuberculin test has been widely used 
throughout the world as a means of surveying large groups of children. 
Its value from this standpoint deserves analysis. First, from an edu- 
cational standpoint to stimulate an interest in tuberculosis in a given 
community it undoubtedly has its place. Just how important this 
place is, depends on other educational methods in force; for example, 
the health educational program in force in the school curriculum. In 
rural communities, in particular, we have found it of value in awaken- 
ing a community interest. Second, the tuberculin test will give an 
incidence of infection among a given age group allowing comparisons 
from time to time, thus giving some indication of the efficiency of remov- 
ing infecting agents from the community. Third, the test has been 
used as a method of finding cases of tuberculosis among school chil- 
dren. Our experience from this standpoint has been most disappoint- 
ing and we believe that the results do not even begin to justify the 
effort and expense. Over three years, 21,358 children in primary 
schools, high schools and universities were tuberculin tested, with 4,136 
showing a positive reaction, a percentage of 19.37. Thirty-five of these 
were found to have tuberculosis. This method, therefore, found 12 
new cases annually, which is a very small percentage of the 1,290 new 
cases found in 1938. Even these 12 cases have had contact with tuber- 
culosis, for without contact they would not have a lesion. If our con- 
tact examinations had been a little more complete, at least some of these 
12 would have undoubtedly been uncovered with a saving of effort 
and money. We hasten to add that, “‘yes,’’ we have followed these 
positive reactors back to the home, and again have uncovered prac- 
tically no cases of tuberculosis that either were not already known or 
could not have been found by more simple means. 

The tuberculin test has another use, well known but in our experi- 
ence applied to a most limited degree, namely, as a diagnostic aid in the 
individual case. Used by the general practitioner the test can be of 
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great value and could have a wide application, but, despite all that is 
written and spoken, it is infrequently used in private practice. 

(3) Contacts: Contacts may be divided into direct (family and other- 
wise), casual, continuous and intermittent. Careful contact histories 
from the tuberculous patient (number in family, ages, and business 
relations), and from the suspect or supposedly well individual being 
examined (type of contact, when and frequency), are important and 
well worth the time spent. Thus, instead of placing all contacts in 
one large group it is not only possible but desirable to individualize. 

During 1938, 3,368 people examined in our clinics gave a definite 
history of contact, and of these, 3.2 per cent were found to have tuber- 
culosis. In 1937, the percentage was 5.9, a much more prolific source 
for case-finding than our tuberculin-positive group from school surveys. 
Diagnostic facilities must of course be available to all, free of charge, to 
find cases early. In British Columbia there are stationary and travelling 
clinics covering the whole Province, so that free examination is readily 
obtainable. District nursing and social service plays no small part in 
rounding up contacts, following up treated cases and aiding in isolation 
of some cases in the home. We firmly believe that with adequate fa- 
cilities, careful case analysis and proper follow-up the contact examina- 
tion is the most important case-finding method at our disposal. Cer- 
tain questions now come to mind. How often should a contact be 
examined? Is one age group more important than another? What type 
of examination should be done? 

First, it is essential to obtain a full history on every known case of 
tuberculosis. Does the patient know of any contact he or she has had 
with tuberculosis? If so, where, when, and what type of contact—a 
detailed study of an old pleurisy may be helpful. Then, what are 
the patient’s living conditions? A visiting nurse should report on every 
case and there should be facilities for a complete social analysis of each 
case. The doctor, the public health nurse and social worker must 
work as a team, each adding his or her bit to the story. As well as the 
home, the patient’s business life and spare time activities are studied. 
This may sound like a cumbersome process but with a standardized 
system, activated and guided by a central control, it is smooth work- 
ing and produces results. 

As health education advances it becomes less difficult to convince 
contacts of the necessity of examination, especially where the facilities 
are available for free examination. Gradually, as the known cases in a 
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community increase, the circle of contacts widens and with careful 
analysis it will be found that the vast majority of new cases will come 
from this widening group of contacts. 

The follow-up of contacts now becomes important. Here is where 
we must individualize. The more efficient isolation of positive cases 
becomes, the less serious is the problem of examinations. Isolation in 
institution is preferable, as there cases can be best controlled. The 
utilization of available beds for this purpose can be improved by central 
control, where all known cases are registered, positive sputum cases are 
tabulated and bed status carefully watched. Pneumothorax therapy 
has greatly aided conversion of cases from positive to negative and has 
materially reduced institutional stay. Social service work and public 
health nursing, adequately applied, has further aided in reducing the 
time spent in institutions. With central control, it should be possible 
to make available beds fit the number of cases needing institutional 
care. In British Columbia with 1.93 beds per death, it has been found 
possible to admit all cases almost immediately on receipt of application. 
In the rural areas, family physicians can be trained to give pneumo- 
thorax, allowing more ready discharge of patients to such areas. 

In following up contacts some sort of working classification should be 
utilized; for example, a grouping into age, occupation, nationality, 
social status, continued or intermittent contact, close or casual contact. 
With adequate isolation, continuing contact should be eliminated in 
all, except the uncodperative people, who are becoming more and more 
rare. Nationality does not seem to play the part we originally thought 
it did. Our experience in this regard, with two distinct groups of 
orientals, namely, Japanese and Chinese, seems to eliminate a considera- 
tion of nationality and to consider only social status. ‘These two groups 
at one time had similar death rates that were high—about ten times the 
white. The Japanese readily adopted the program as applied to the 
white, whereas the Chinese did not. To-day the death rate of the 
Japanese is rapidly approaching that of the whites, whereas the Chinese 
continues to remain high. Therefore, it would seem that nationality 
needs little consideration except as it may indicate social conditions. 

Age and social status are probably the two main determining factors 
in follow-up. It has been our experience that where there is adequate 
isolation of positive sputum cases, the occurrence of tuberculosis in 
primary and high school children is extremely rare. Therefore, in this 
age group frequent examinations are a waste of energy and money. 
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Of course, if we are to eliminate frequent repeat examinations after the 
original check-up, then we must be sure the contact is completely 
broken, both in the home and school. Here, if the doctor, nurse and 
social worker are working as a unit, many needless examinations can 
be eliminated. After the age of sixteen, examinations on the average 
will become more frequent, but, again, individualizing is essential to 
obtain maximum results from energies expended. 

As to the type of examination, we believe that all contacts should 
have the benefit of an adequate X-ray study. Routine physical exami- 
nation of the chest of people presenting no symptoms wastes a great 
deal of time. In early tuberculosis the majority of such examinations 
are negative. Physical examination after a suspicious or positive plate 
seems more justifiable. Fluoroscopy, in some hands in large surveys, 
has apparently been quite successful, but for the contact where the in- 
cidence of tuberculosis is relatively high a good picture is essential. 
Rather than attempting to reduce costs by fluoroscopy, the newer re- 
duced radiogram or paper films, we would suggest that fewer examina- 
tions be done in the younger group, with concentration on the age 
group which the records of a given community show produces most of 
the cases. During 1938, there were 16,810 new people examined in our 
clinics. The following percentages are of interest to determine which 
age group examined for the first time yielded the highest incidence of 
tuberculosis. 


MALES FEMALES 


Pulmon tuber- 


AGE GROUP : Pulmo tuber- 
New cases examined New cases examined pron we my Mewes 


culosis found 


Number | Percent | Number | Percent | Number | Percent | Number | Per cent 


years 
0-9 810 9.18 10 1.23 9.61 
10-19 1,418 | 16.06 30 2.12 19.78 
20-29 2,096 23.74 71 3.39 
30-39 18.89 98 5.88 
40-49 12.49 135 12.25 
50-59 11.84 148 14.18 
60-69 6.00 56 10.57 
70-79 1.07 12 12.77 
80-89 0.10 2 22.22 
Not stated 0.63 1 1.79 


100.00 563 6.38 


9 
34 
118 
80 
33 
17 
7 
2 3.03 
Total......| 8,826 7,984 |100.00 | 356 | 4.46 
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One age group that deserves more consideration than it has had in the 
past is between forty and sixty. During 1938, for example, 36.3 per 
cent of our 1,290 new cases were in this group. The percentage between 
twenty and forty was about the same, 38.3. 

(4) Surveys other than school children: At times certain groups in a 
community seem to justify special attention. First, we have nurses, 
a group who are in constant contact with sick people. The incidence 
of tuberculosis has been sufficiently high in this group for suggestions to 
arise that all patients admitted to a general hospital be X-rayed. Un- 
doubtedly a great deal can be done to reduce the hazard to nurses. 
With good community case-finding and registration, known cases can 
usually be recognized on admission and isolated. All coughers can 
have a sputum examination and X-ray films taken when indicated. 
Routine X-raying appears unnecessary where there is close codperation 
between general hospitals and a division of tuberculosis control. The 
tuberculin testing of nurses, with X-raying of positive reactors, and 
close watching where a positive reaction develops in training, is essen- 
tial. We are watching with interest the use of BCG in this group, 
but so far are not prepared to use it ourselves. 

Underground workers are another large group in our Province where 
tuberculosis can be readily controlled. The Metalliferous Mines Act 
which allows compensation for disability due to silicosis requires an 
annual X-ray film of all underground workers. Thus, close codperation 
between the Division of Tuberculosis Control and the Workmen’s 
Compensation Board allows a close control of tuberculosis among this 
group of the population. 

School teachers are another group in contact daily with our younger 
generation. A certificate which presupposes an X-ray examination 
should be necessary for the employment of any teacher and a close 
follow-up of teachers should be carried on. 

Analysis of tuberculous cases found in these three groups over a two- 
year period, 1937 and 1938, is as follows: 


Percentageo 
Number examined tuberculosis 


1.6 
2.6 
1.2 


Extensive X-ray surveys in industries have been popular in some 
regions. Again, good contact work would place many of these surveys 
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in the expensive class. We suggest that money and energy spent in 
this way could be better applied to closer check of contacts. Statis- 
tically it is a simple matter to check occupational incidence for any 
given community and to follow up those groups where such statistics 
point. 

(5) Sputum examinations: In British Columbia there are a series of 
laboratories as part of the Provincial Board of Health where sputum 
tests are done free. This is readily available to all physicians, rural and 
urban. It is a simple matter and inexpensive method to send in sputum 
of all coughers seen in private practice. Thus, many cases can be found. 
In hospital practice the sputum test could and should be used more. 
A routine order on all wards instructing the nurse to have a sputum 
test on all coughers should bring results. 

(6) The family physician: Last, but by no means least, is the part the 
family physician plays in case-finding. Sometimes the public health 
doctor and practicing physician are looked upon as something apart, 
rather than confreres working for 4 common end. Fortunately our 
relation with the practitioner has been mutually codperative and help- 
ful. The family doctor is more than a diagnostician, he is the family 
health counsellor, he knows the family circumstances, the number 
of children, ages, mode of life, family income, past history of illness. 
Unfortunately too many people wait for fairly marked symptoms 
before seeking advice from their doctor. There are signs, however, 
that general health education, the work of the public health nurses 
and stimulation of families by their own physicians are beginning 
to bring people earlier for advice. As this attitude continues to grow, 
the family doctor can be one of the most potent elements in any 
case-finding program. In 1938, the practicing physicians referred 
9,908, or 53 per cent of the total new cases to our clinics for examina- 
tion; 6.77 per cent of this group were found to have tuberculosis and 
45.94 per cent of them were minimal cases. Those who came of their 
own accord, largely on account of symptoms, represented 13 per cent 
of our total examinations. In this group 5.87 per cent were found to 
have tuberculosis and 51.56 per cent were minimal cases. The survey 
cases, outside of school surveys, totalled 28 per cent, of which 2 per cent 
were diagnosed tuberculous and 69.15 per cent were minimal cases. 
Free use of the tuberculin test in practice will markedly widen our field, 
leading us closer to minimal cases and bringing a larger volume of 
contacts to our public clinics. Medical societies can do a great deal to 
bring together preventive and curative medicine. 
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SUMMARY 


1. A ratio of 15.9 known cases per death is reported. 
2. Percentage of tuberculosis found in various groups was: 


Referred to clinics by physicians 

Coming of own accord 

History of contact 

Student nurses 

Underground workers 

School teachers 

Tuberculin testing of school children, 
all children 


3. Tuberculin testing of school children is of value from a standpoint 
of health education and establishing an incidence of infection, but it is 
not a good case-finding method. 

4. Contact work should have major attention in a case-finding 
program. 

5. Frequent examination of primary and high school children is prob- 
ably not necessary. 

6. A ratio of 1.93 beds per death can be sufficient where there is cen- 
tral control. 

7. The best in X-ray examination is essential for good diagnosis. 
It is better to reduce the number of examinations than reduce the stand- 
ard of radiography. 

8. Older age groups deserve more attention than they have been 
receiving. 

9. Close statistical analysis will indicate occupational groups that 
need special attention and will also indicate areas where case-finding 
should be concentrated. 

10. Sputum examination should be used more widely. 

11. The family physician is vital to a successful tuberculosis control 
program. 
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MEDICO-LEGAL ASPECTS OF SILICOSIS! 


THEODORE C. WATERS? 


During the past several years the problem of silicosis in industry 
has received nation-wide attention. In those processes where silica 
dust is a hazard, industry has concerned itself with the ways and means 
to effect prevention of this disease, and legislation has been enacted to 
provide compensation for those who suffer disability therefrom. This 
legislation has created new problems, the final solutions to which are 
still unknown, and it is to some of these problems that I would like to 
direct your attention in the present discussion. 

As one who has been interested in the legal aspects of silicosis, I have 
come to the conclusion that in the past industry has been persecuted 
and plagued by common law suits instituted by employees to recover 
for alleged occupational disease injuries; that employees, on the other 
hand, should be compensated for disease injuries which they sustain 
as a result of their employment; that common law procedure, with jury 
trials, is a thoroughly unsatisfactory method for the determination of 
this type of dispute, being unfair to employer and employee alike, and 
believe that the answer to the problem must be found in the amend- 
ment of our compensation laws to provide compensation for injuries 
from occupational disease. 

The Workmen’s Compensation laws resulted from an economic need 
to impose upon an employer the obligations of an insurer for the pro- 
tection of his employees against accidental or traumatic injuries. Prior 
to the enactment of these laws, the common law liability of an employer 
for accidental injuries to his employees was dependent upon the proof 
of the employer’s negligence, and the common law recognized the fol- 
lowing defenses available to an employer in such actions: - 


1: Employee’s assumption of risk 
2: Employee’s contributory negligence 
3: Negligence of employee’s fellow servants 


1 Presented before the 19th Clinical Session on Chronic Pulmonary Diseases, under the 
auspices of the Tuberculosis Sanatorium Conference of Metropolitan New York, at Cornell 
University Medicai College, October 11, 1939. 

2 Baltimore Trust Building, Baltimore, Maryland. 
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Common law litigation proved to be unsatisfactory for the determina- 
tion of this type of dispute; its procedure was complex, the law per- 
mitted dilatory pleadings, resulting in extensive delays, while the cost 
of such litigation was out of proportion to the benefits sought to be re- 
covered. This resulted in the enactment of compensation acts, which 
simplified procedure, expedited hearings, and enabled the employee to 
procure a speedy and inexpensive determination of his cause, with 
the prompt payment of benefits. The Compensation Acts limited 
the employer’s liability as to amount, but assured the employee of com- 
pensation, irrespective of the negligence of the employer or the em- 
ployee. I believe it is fair to state that the administration of these 
laws has been uniformly successful and, while they may not be perfect 
in form, they have served to fulfill the purposes for which they were 
designed. 

The Workmen’s Compensation Acts were designed primarily to pro- 
vide compensation for accidental or traumatic injuries and not for occu- 
pational disease injuries. This fact is most important in considering 
the history of the development of the administration of our compensa- 
tion laws. There is an important distinction between accidental in- 
juries and occupational disease injuries. Accidents occur at specific 
times and may be readily discovered, and usually there is no question 
as to the particular employer in whose employment the accident oc- 
curred. On the other hand, occupational diseases may be slow of de- 
velopment, unknown to the employer and employee until disability 
occurs; the injuries sustained are continuing injuries over an extended 
period of time and may be incurred while the employee is working for 
one of several employers. Therefore, in order to provide compensa- 
tion for occupational disease injuries, it has been necessary to amend the 
Workmen’s Compensation Acts and to add special provisions that take 
into consideration the peculiar problems presented by this type of 
injury. 

Limitations of time do not permit the detailed discussion of many 
of these problems, but I have selected the following subjects which I 
believe will be of current interest to your organization: 


1: Functions and powers of Medical Boards or Medical Examiners authorized 
by occupational disease compensation statutes 
2: Accrued or potential liability 
a. Compensation for partial disability 
b. Compensation for total disability 
3: Recent court decisions 
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Functions and Powers of Medical Boards or Medical Examiners Author- 
ized by Occupational Disease Compensation Statutes 


In my opinion, the creation of Medical Boards is necessary for the 
successful administration of any silicosis compensation law. The most 
important questions presented by claims are the diagnosis of the dis- 
ease and the appraisal of disability arising therefrom and, in the event 
of controversy, these questions can best be determined by a trained, 
impartial and experienced Medical Board. 

It is inevitable that disagreement will arise upon the medical ques- 
tions presented by claims for compensation. Physicians, appearing on 
behalf of the claimant or employer, will present their respective opinions. 
It is assumed that these opinions will be thoroughly professional and 
will represent the honest and mature judgment of the witnesses. Con- 
sider for a moment the dilemma of the agency charged with the deter- 
mination of the claim. We return to the vice existing in the old system 
of jury trial, where each new case requires that the parties are charged 
with the necessity of providing professional medical testimony for the 
Workmen’s Compensation Board or Referee. A Medical Board, 
composed of competent, qualified physicians, representing the State, 
disinterested as a party to the proceedings, is better able to determine 
these questions than any other administrative agency to which such 
function could be assigned. 

Full power should be granted to the Medical Board for the examina- 
tion and reéxamination of claimants during the time that the claim is 
pending, with the right to conduct autopsies in case of death, where 
the Board believes such procedure to be essential to the determination of 
the cause of death. All medical questions arising in connection with 
claims should be referred to the Board for investigation and report, 
and such report should be accepted by the administrative agency in 
preference to the conflicting testimony of the medical witnesses who ap- 
pear on behalf of the claimant or his employer. 

Common law litigation has failed because of the technicalities and 
expense of procedure and, under the compensation statutes, procedure 
should be as simple, direct and inexpensive as possible. The most 
humble claimant should have his case heard and determined without 
the necessity of engaging professional witnesses in his behalf. 

In the majority of States, Medical Boards and Medical Examiners 
serve only in an advisory capacity to the administrative agency, but I 
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trust that in the future the need for the services of a Medical Board will 
be realized and that the powers of such Boards will be extended to make 
them the final arbiters of controverted medical questions. 


Accrued or Potential Liability 


One of the most serious problems relating to silicosis compensation 
legislation is that presented by the so-called employer’s ‘‘accrued”’ or 
“potential” liability that is imposed by the enactment of the law. In 
industries using siliceous materials, roentgen examinations of employees 
who have been exposed for a number of years to dust will show some 
fibrosis of their lungs, representing the accumulation of injurious sub- 
stances over the period of years during which they have been employed. 
Upon the enactment of the compensation statute, the potential liability 
for injuries so sustained becomes actual, and the employer’s legal rela- 
tionship with his employees changes, making him an insurer of their 
health. 

Employers and insurance carriers have justly opposed the imposi- 
tion upon them of liability for those injuries for which they were not 
legally responsible prior to the effective date of the act. Employees, on 
their part, are concerned solely with the fact that they have contracted 
the disease and have sustained disability therefrom; they are not con- 
cerned with when, why, how or where they sustained their injuries. 

Practically all of the States, upon the enactment of silicosis compensa- 
tion legislation, have made special provisions to cover this potential 
liability for silicosis injuries, and one of the most effective methods is 
that represented by legislative provisions denying compensation for 
partial disability and imposing monetary limitations of compensation 
for total disability. 

Compensation for partial disability: You are generally familiar with 
the provisions of our compensation acts that provide limited compensa- 
tion for partial disability, as distinguished from compensation for 
permanent and total disability. Such provisions are common to all 
Workmen’s Compensation statutes. The laws of some States allow 
compensation for partial disability from silicosis injuries, while the 
laws of other States, namely, Arkansas, Idaho, Maryland, Michigan, 
New York, Ohio and Pennsylvania, deny such compensation. 

During the past summer, I had the privilege of speaking from the same 
platform at an industrial convention with Dr. LeRoy Gardner of Saranac 
Lake, New York. After the meeting, in commenting upon my remarks, 
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he stated that legislators and lawyers were using an improper term when 
they spoke of “partial” disability from silicosis; that such a condition 
did not exist, and that the correct term for what they were attempting 
to describe was “potential” disability. I believe that correction is 
proper. We are told that silicosis is disabling only when accompanied 
by infection,’ and that medical advice is the basis for legislative provi- 
sions that deny compensation for partial disability. 

Many silicotics are engaged in trade, not knowing of their affliction. 
Employees subject to dust exposure may show some fibrosis of the lungs 
not, in fact, disabling. In spite of the medical knowledge that has been 
developed about the diagnosis of silicosis, the fact remains that the 
intricacies of the medical aspects of the disease are unknown to the aver- 
age practicing physician. I know of instances where employees, subject 
to dust hazards, have been told by physicians practicing in the neigh- 
borhood of their plants that they have silicosis and are, therefore, dis- 
abled. Such diagnoses have been made without roentgen or proper 
clinical examinations, the doctors concerned having had no experience 
in the diagnosis of silicosis. 

If the employee is not actually disabled, but is told that he is suffer- 
ing from this disease, he worries, gives up his job, broods over his con- 
dition, and eventually he and his family become public charges upon 
their community. From the standpoint of the employer, improper 
diagnoses may result in legal persecution by common law suits or un- 
justified compensation claims which are not only expensive, but detri- 
mental to the entire employer-employee relationship. 

Those laws that provide compensation for partial disability should be 
amended and such compensation should be specifically denied until 
some competent and approved method of evaluating partial disability 
has been recognized and accepted by the medical profession. 

Compensation for total disability: In order to relieve employers from 
the immediate imposition of the cost of full compensation for total 
disability from silicosis, some of the State laws provide for limitations 
of monetary liability or progressive increases in such limitations. For 
example, in the laws of the States of Idaho, Michigan and New York 
there is a limitation in the amount of $3,000; in Pennsylvania, $3,500; 
in Indiana $5,000. In the States just mentioned (other than Indiana) 
and in the States of Arkansas and Maryland, there has been adopted a 


® Report of Committee on Medical Control of the National Silicosis Conference, United 
States Department of Labor Bulletin No. 21, Part 1, sections IV and VI. 
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plan of progressive limitation of liability, the maximum compensation 
payable upon the effective date of the act being $500, with monthly 
increases of $50.00 until the full monetary benefits of the laws are 
reached. 

These provisions were designed for the following purposes: 


1: To relieve employers from the incentive to discharge those employees who 
have suffered silicosis injuries prior to the effective date of the legislation and 
to avoid the use of waivers. 

2: To avoid the immediate imposition upon employers of the burden of the 
full costs of compensation. 


Although my professional interest in the matter of silicosis compen- 
sation legislation has been on behalf of employers, I must confess that 
legislative provisions establishing monetary limitations upon an em- 
ployer’s liability for total disability from silicosis different from the 
monetary benefits provided for other occupational diseases are repug- 
nant to my sense of fair play and justice to the employee who is injured. 
An employee is just as much entitled to full compensation from a totally 
disabling silico-tuberculosis as he is from any totally disabling traumatic 
injury. However, the problem of accrued liability is real, and some 
method should be devised to permit the employer to absorb that liability 


over a period of years after the act becomes effective. This can be 
accomplished by the use of the method of progressive increased mon- 
etary liability. In those states where it has been tried, it has worked 
successfully and has avoided the discharge of employees and the use of 
waivers in contemplation of the effective date of the act. 


Recent Court Decisions 


There are two court decisions to which I would like to make brief 
reference because of their effect upon the subjects that have heretofore 
been discussed. The first is the case of E. IJ. DuPont, et al., v. Brown, 
decided by the United States Circuit Court of Appeals for the Third 
Circuit on February 11, 1939. That case dealt with the question of 
an employer’s common law liability for disease injuries sustained by 
employees in the course of employment. The other case is that of 
Grain Handling Company et al., v. C. J. Sweeney and K. J. McManigal, 
Commissioner, recently decided by the United States Circuit Court of 
Appeals for the Second Circuit, involving the construction of the term 
“injury” within the meaning of Section 901, Subsection 2 of Title 33 
of the United States Code (Longshoremen’s Act). 
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The DuPont case was an appeal from the District Court of the United 
States for the District of New Jersey, involving the question as to 
whether or not the defendant company was entitled to an instructed 
verdict in a common law action brought by the plaintiff to recover 
for damages alleged to have been sustained because of the defendant’s 
negligence. The facts may be briefly stated as follows: 

The plaintiff had first been employed by the defendant company in 
the open air and was later transferred to indoor work in the dye plant; 
at the time of the change in his employment he was examined by the 
defendant’s medical staff. Claim was made that at that time defend- 
ant’s medical examiners knew or should have known that his lungs were 
in an incipient tuberculous state; that in the dye works the plaintiff was 
subjected to fumes and gases which developed tuberculosis and under- 
mined his health and that the defendant had knowledge of his incipient 
tuberculosis and was negligent in not informing him of his condition 
and in failing to inform him of the hazard to his health in working in 
the dye works. The Court submitted this case to the jury to deter- 
mine three questions: 


1: Whether or not the defendant knew of a condition of the lungs of the plain- 
tiff which might cause tuberculosis if he were permitted to work in the dye 
plant. 

2: Whether or not the plaintiff was apprised of the condition of his lungs, caus- 
ing him to believe that he might be injured by his employment in the dye 
plant and, therefore, assumed the risk of his employment. 

3; Whether or not the defendant knew that the plaintiff did not know that 
he had a condition in his lungs which would make his employment in the dye 
plant dangerous. 


The jury found for the plaintiff, which finding was affirmed on appeal. 

That case, decided by Judge Buffington, is of particular interest be- 
cause it implies that, in addition to the other phases of the employer’s 
negligence that may be available to support a plaintiff’s common law 
right of action, there may be the additional basis that where an em- 
ployee has been subjected to a medical examination there would be 
negligence on the part of the employer in failing to disclose to the em- 
ployee the results of the examination, and any disease which the em- 
ployee may be suffering from, where the employee is permitted to con- 
tinue in his employment. 

In the Grain Handling Company case, the claimant, Sweeney, had 
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been employed for twenty-five years as a “grain scooper;” the last 
twelve years of this term being in the employment of the Grain Han- 
dling Company, Inc. His duties exposed him to considerable quan- 
tities of minute particles of dust. In 1918 he had contracted tuber- 
culosis but had recovered, the disease remaining dormant until 1934, 
when he experienced difficulty in breathing, suffering a return of his 
former tuberculosis. On June 15, 1936, becoming totally disabled, he 
discontinued his employment and filed claim for compensation. 

Compensation was awarded by the Commissioner on the ground that 
his employment required him to work ‘“‘in thick grain dust, causing the 
latent tuberculosis to become active” and that, therefore, the injury 
sustained was an occupational disease. 

The opinion of the Court, filed by Judge L. Hand, held that the 
injury complained of was an occupational disease. Judge Swan, con- 
curring, said: 


Although I am willing to concur in the judgment I cannot refrain from express- 
ing my doubt whether the interpretation we are putting on the statute does 
not virtually read out of it the adjective “occupational” which qualifies such 
diseases as are made compensable. In effect, we are holding that the lighting 
up of a latent tuberculosis by the breathing of grain dust creates an “occupa- 
tional disease” in the particular employee so affected, although 99 per cent of 
the workmen may never get tuberculosis as a result of laboring under the same 
conditions for equally long periods of time. 


Judge A. N. Hand, in a separate concurring opinion, said in part as 
follows: 


I think it is a fair inference from the proof that any condition of latent tuber- 
culosis is likely to become active by working in grain dust. Many persons 
are subject to this infirmity and if such persons are likely to develop tubercu- 
losis from working in dust the resultant condition would seem to be an occupa- 
tional disease—that is, a disease peculiar to and arising from the occupation. 


The effect of this decision is to make compensable under those statutes 
that provide compensation for “any and all occupational diseases” 
those cases where the claimant has latent tuberculosis which becomes 
reactivated by exposure to any kind of dust. As I understand the 
opinion, it thereby makes tuberculosis in certain instances a com- 
pensable occupational disease. 
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CONCLUSION 


I regret that I have not been able to discuss some of the other med- 
ical-legal aspects of silicosis. The more we study these problems the 
more we come to realize how little we know about them and how much 
must be learned in order for the administration of compensation laws 
to be successful. It is inevitable that some of the defects in silicosis 
compensation legislation that have been proved during the course of 
administration will be corrected by legislative amendments. The pub- 
lic generally has adopted a saner attitude with respect to silicosis com- 
pensation legislation and I hope that employer and employee, insurance 
carriers and governmental agencies may effectively codperate for the 
successful administration of these laws. | 
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CASE REPORTS AND APPARATUS 


PRIMARY NEUROFIBROMA OF THE LUNG! 


ELI H. RUBIN AND WILLIAM ARONSON 


Neurofibromata within the thoracic cavity have been observed on many | 
occasions. The tumors are usually discovered as part of a generalized process | 
| 


affecting the skin, sensory, skeletal and visceral organs. In the thorax, a 
frequent localization of these tumors is in the upper part of the chest, retro- 
pleurally and adjacent to the spine where they occasionally have an hour-glass 
connection with a tumor in the spinal canal. Intrathoracic neurofibromata 
have been found in association with intercostal nerves, the vagus and sym- 
pathetic nerves. The lungs themselves are rarely involved, even when the i 
disease is wide-spread in other organs. The reader is referred to a complete 
review of the subject in a detailed study by Kienbéck and Résler (1). i 

Search of the literature does not reveal the record of a single instance of | 
neurofibromatosis limited to the lungs, as occurred in the following patient. 


S. F., fifty-seven, a Negro housewife, was admitted to the Medical Service of 
the Morrisania City Hospital (Dr. E. P. Flood, Director) on September 12, 
1934. Her chief complaints were asthma-like seizures, recurring at irregular 
intervals, more often at night. They were precipitated by upper respiratory ! 
infections. The present episode had lasted about a week and was associated 
with pain in the left chest, dyspnoea, cough and bloody expectoration. 

Past history revealed an attack of right-sided pleurisy following influenza 
in 1917. She had an abdominal hysterectomy, salpingo-oophorectomy and 
appendectomy in 1916. For about ten years she had known that she had H 
diabetes. 

The patient did not appear acutely ill. The temperature and pulse were 
not elevated. The heart was found moderately enlarged. The blood pressure 
was 180/90. Auscultation revealed numerous sibilant rales in both lungs 
which cleared up a few days after her admission. The blood Wassermann was 
3 plus. A blood count showed a moderate secondary anaemia and a slight 
leucocytosis. The urine contained 3 plus glucose, no acetone and a few pus 
cells. There were no other significant positive findings. 

An X-ray film of the chest disclosed a number of sharply circumscribed, 
homogeneous densities of varying size, evenly distributed in both lung fields 
(figure 1). In appearance, the nodules were considered characteristic of pul- 


1 From the Tuberculosis Service and Laboratory of the Morrisania City Hospital, New 
York City. 
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monary metastases. Examination of the gastrointestinal, urogenital and 
skeletal systems failed to reveal a possible primary focus. After an uneventful 
stay in the hospital, the diabetes being easily controlled by diet, the patient 


Fic. 1. S. F. October 15, 1934. Round densities in both lung fields, having the 
appearance of metastatic cancer. 

Fic. 2. S. F. December 9, 1938. No significant changes after an interval of four years. 
Arrow points to fluid level in cavity in the right upper lobe, at site where pus was aspirated 
by thoracocentesis. 

Fic. 3. Gross appearance of specimen showing flat and ovoid projections of tissue on the 
surface of the lung. Many nodules were present within the parenchyma. 

Fic. 4. Microscopical section, high power, of one of the nodules showing arrangement of 
fibres and cells in palisade arrangement; also elongated nuclei with delicate fibrils; small cyst 
lined by endothelium. 


was discharged in improved condition on October 27, 1934. The final diag- 
noses were: diabetes mellitus, syphilis, essential hypertension, pulmonary 
metastases from an unknown primary site. 


‘ 
Fic. 1 & Fic. 2 
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Four years later, on August 9, 1938, the patient reéntered the hospital 
complaining of fever and chills of four days’ duration. Physical examination 
revealed moderate elevation of temperature but otherwise no significant 
changes from those noted on her first admission. An X-ray film of the chest 
revealed findings practically identical with those present four years previously. 
Both lungs contained the same round densities. The diagnosis of metastatic 
cancer seemed hardly plausible and a careful search was made for the cause of 
the condition. A mild cystitis and pyelitis were the only abnormalities found. 
After two weeks in the hospital, the patient developed increased cough, pain 
in the chest and bloody expectoration. A needle was inserted deeply into the 
right lung at the angle of the scapula and about 10 cc. of greenish, moderately 
thick pus were aspirated without difficulty. Culture of the pus showed staphy- 
lococcus albus. A film taken of the chest eight days after the thoracocentesis 
revealed a collection of air surmounting a fluid level at the site of the lung 
puncture (figure 2). Apparently, a broken-down mass in the lung had been 
partly evacuated. Otherwise, the film showed no changes. 

The patient’s course became progressively worse. She developed high 
fever and had numerous haemoptyses. The diabetes became uncontrollable. 
She developed headache and stiffness of the neck. Spinal puncture revealed 
cloudy fluid containing 2,000 white cells per cc. No organisms could be cul- 
tured from the spinal fluid which was aspirated on several occasions. She 
died December 22, 1938 with symptoms of basilar meningitis. 

At necropsy, aside from a markedly purulent meningitis at the base of the 
brain, the lungs were the only organs to reveal abnormal changes. The pleural 
cavities contained no fluid. The left pleural cavity had a few small adhesions 
at the apex but was otherwise entirely free. The right lung had a moderate 
number of adhesions over the posterolateral surfaces. The lungs were crepi- 
tant throughout. Scattered over the surface of both organs were numerous 
projections of tissue varying in size from 0.5 to3cm. These projections, flat 
with the lung surface, had narrow pedicles by which they were attached to the 
lungs (figure 3). On cut section, they appeared to be yellowish and somewhat 
firmer than fat tissue. Cut sections of the remainder of both lungs revealed 
numerous nodules of the same type as found on the surface of the lung. In 
the right lung, in the area where adhesions were noted, one of the nodules, 
about 3 cm. in diameter, was found to contain a cystic cavity filled with puru- 
lent material. 

We are indebted to the facilities of the New York State Psychiatric Institute 
and Hospital (Dr. Nolan D. D. Lewis, Director) and to Dr. G. A. Jarvis, in 
particular, for a painstaking study of the histological structure of these nodules. 
Dr. Jarvis’s report, with minor editorial changes, is as follows: 


The tumor, as seen in haemotoxylin and eosin, phosphotungstic acid, haema- 
toxylin and Nissl’s stains, consists essentially of two elements, viz. (/) Elon- 
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gated celis showing a long and delicate fibril originating from both ends. The 
cytoplasm of these cells is scanty, being mainly collected at the two poles of 
the nucleus, and is homogeneous. The nuclei are elongated, sometimes 
slightly curved. They contain a few granules of chromatin. No mitotic 
figures are observed and the nuclei appear constantly of the same size and 
configuration. The cells are almost always arranged in linear pattern. The 
nuclei show quite often a typical palisade arrangement. No whorl formation 
of the cells can be observed. (2) Fibres of even calibre showing a linear 
arrangement parallel to the long axis of the nuclei of the cells. These fibres 
generally do not anastomose (figure 4). 

The vascularization of the tumor tissue is scanty; haemorrhages are nowhere 
seen. Areas of degeneration of necrosis are absent. Not infrequently small 
cysts of undetermined aetiology are seen which are lined by a membrane con- 
sisting of an endothelium and, more peripherally, by fibres concentrically 
arranged. Another formation, observed only in some areas, consists of very 
small cavities lined by a cubic epithelium. This shows a central nucleus and 
granular cytoplasm the content of which appears to be lipoid in nature since 
it stains red with Scarlet R and Sudan III. 

With Masson trichromic stain the fibres stain blue while the fibrils originat- 
ing from both ends of the cells stain reddish. Similar staining properties are 
shown by the Azan method of Heidenheim. In the Bielschowsky preparations 
the fibres stain mat brown. They do not appear as axis cylinders. This is 


confirmed by Laidlaw’s stain which is specific for connective tissue. With 
this stain the fibres are brought out clearly. In both these last two stains, no 
dilatation or end bulbs as shown often by nerve fibres are observed. In the 
Spielmeyer preparation for myelin sheaths, myelinated fibres are not observed. 


From the description above reported, it seems that the ‘tumor should be 
classified asa neurofibroma. The typical association of elongated cells showing 
characteristic palisading of the nuclei and collagenous fibres, leaves little 
doubt as to the diagnosis. The absence of nerve fibres and the arrangement 
of cells and fibres indicate that the tissue of the tumor belongs to the type A 
neurofibroma of Antoni. According to Penfield’s classification, the tumor 
should be called a “‘perineural fibroblastoma.”’ 


DISCUSSION 


In the differential diagnosis of the case cited, tuberculosis, syphilis and cancer 
were considered. Pulmonary tuberculosis seemed unlikely because of the 
absence of tubercle bacilli in the sputum and the lack of changes on serial X-ray 
films in spite of symptoms of an active disease. In view of these findings and 
the fact that the patient was a Negro as well as a diabetic in whom one might 
expect an acute form of tuberculosis, the diagnosis of tuberculosis was all the 
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more doubtful. Boeck’s sarcoid was mentioned. In spite of the presence of 
a positive serology, the diagnosis of syphilis of the lung was never seriously 
entertained. Metastatic cancer, showing no changes over a period of four 
years, also seemed a remote possibility. When the patient was presented at 
a staff conference, several weeks before she died, the final diagnosis rested 
between a low-grade septicaemia with multiple lung abscesses or congenital 
cysts of the lung with secondary infection. The true nature of the pathological 
process could only be proved months later following histological study of 
sections of the lung. 


REFERENCE 


(1) Krenséck, R., AND R6sLER, H.: Neurofibromatose, Fortschr. a. d. Geb. d. Réntgen- 
strahlen, 1932, 42, 9. 
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GENERALIZED TUBERCULOUS LYMPHADENITIS' 
E. ROSENCRANTZ 


Because of the rarity of this clinical picture, the following case is submitted 
in spite of the fact that the data pertaining to the history and clinical findings 
are very meagre. The films, together with the limited amount of history 
obtained, were sent to me by Dr. Sanford W. Cartwright, who at that time 
was in charge of the Tuberculosis Hospital, conducted by the Indian Bureau 
of the Department of the Interior at Fort Bidwell, Modoc County, California. 


Indian girl, age five (tribe unknown), was admitted with swelling in the neck. 
Her father and mother were well; one brother, age eight, was in the hospital 
with tuberculosis of the lungs and spine. 

The child has always lived in Shasta County, California. The family did 
not live on a reservation, but with a small settlement of Indians; as a baby she 
was fed on Eagle brand milk. However, fresh milk, fresh vegetables and fruits 
were available; no other facts could be obtained relative to the childhood dis- 
eases or care. 

Onset of the present illness is not known; the patient entered the hospital 
because of the large swellings in the neck. 

The only data concerning the physical examination received were the fol- 
lowing: “The neck looked as if a bunch of grapes had been draped around it. 
One lymph node only was suppurating, and this was removed and revealed 
tuberculosis. The child had no fever except during a slight cold. Besides 
the lymph nodes in the cervical and submaxillary regions, those in both 
axillae, in the groins and along the spine were enlarged.” No information was 
obtainable in regard to laboratory findings. 

Dr. Lloyd Bryan interpreted the roentgenograms as follows: these films 
show no evidence of parenchymatous involvement of the lungs (figure 1). 
There is, however, considerable enlargement of the hilar shadows. There is 
extensive calcification involving the cervical lymph nodes on both sides, the 
nodes in the right axilla and those overlying the apex of the right lung. In 
the abdominal cavity (figure 2) there are hundreds of irregular calcified shadows 
which extend from the epigastrium down into the pelvis. These vary in size 
from 2 mm. to 3 cm. in diameter. Some of them are ring shaped but the 


1 From the Medical Department, University of California Medical School, San Francisco, 
California. 
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najority show irregular calcified solid shadows. These are undoubtedly due to 
extensive calcification in the mesenteric lymph nodes and involvement is more 
extensive than any case that I have seen heretofore. One of the unusual 
features is the absence of pulmonary involvement; but the lymph node in- 
volvement is undoubtedly of tuberculous nature. It is interesting to note 
ilso that the spleen and liver shadows are considerably enlarged. 

Almost three years have passed since I first heard of this case and received 
the films from the physician in charge. Recently I wrote for further informa- 
tion pertaining to the patient; as there was no physician at the institution at 


Fic. 1 Fic. 2 


that time the supervising nurse wrote that the child’s condition is gradually 
growing serious; the last X-ray films taken in March (1939) showed enlarged 
lymph nodes throughout the entire chest. The cervical nodes are greatly 
enlarged and the patient was under treatment for anaemia. 


DISCUSSION 


Here is a wide-spread lymph node infection, involving the superficial and 
deep lymphatic system throughout the entire body; cervical, submaxillary, 
axillary, tracheobronchial, mesenteric, retroperitoneal and inguinal enlarge- 
ment are very apparent. Evidence of spontaneous healing is shown by the 
calcification, and at the same time there is a tendency to suppuration, the 
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two processes progressing simultaneously—a condition so characteristic of 
tuberculous lymph nodes. Ordinarily there was no fever; of other symptoms 
or physical signs one cannot say anything as it was not possible to obtain any 
further information. 

In children with massive tuberculous adenitis of the mesentery and retro- 
peritoneum, the nodes are enlarged; they may caseate and rarely calcify; the 
clinical picture is one of tabes mesenterica with rapid wasting and death in a 
short time. That any child could sustain such an overwhelming tuberculous 
lymph node infection over a period of three or more years is quite unusual, and 
that this should occur in a North American Indian child is truly very 
remarkable. 


TUBERCULOSIS OF PANCREAS AND STOMACH! 
JULIUS ZELMAN 


The fact that the pancreas and the stomach are rarely involved in tubercu- 
lous patients is well known. The literature is sparse on this subject, with 
occasional mention in the older textbooks which discuss gastroenteric tubercu- 
losis. Previous studies on pancreatic tuberculosis state that definite tubercles 
are rare, while in the cases studied at the San Francisco Hospital definite 
tubercle formation was demonstrated. We were impressed by the size of the 
tubercles, which were, unless there was direct extension from neighboring 
organs, microscopical in size, and thus found only on histological section. To 
us this indicated a late involvement in the sequence of events, and brings to 
the fore the question of an apparent immunity of the pancreas to tuberculous 
infection. 

In reviewing over 300 autopsies from the Division of Tuberculosis, 160 were 
diagnosed as advanced pulmonary tuberculosis with dissemination, or sub- 
acute dissemination. Of the above 160 cases, 2 had pancreatic involvement. 
In the above series (160) 14 cases of miliary tuberculosis which were autopsied 
during the same period were not included. Of this latter group 2 had pan- 
creatic involvement. Pancreatic involvement in the 2 advanced cases revealed 
lesions contiguous with lymphatic involvement in the neighboring nodes, 
while deep in the glandular tissue microscopical tubercles could be found. 
Lesions in the pancreas of cases dying of miliary tuberculosis were diffuse 
and microscopical. Prior to this report no other cases of gastric tuberculosis 
were found in the San Francisco Hospital. 

The rare combination of pancreatic tuberculosis and a tuberculous gastric 
ulcer is the reason for this case report. 


M.S., thirteen year old Mexican child, entered the San Francisco Hospital 
July 17, 1937, with complaint of tiredness, anorexia and fever of four weeks’ 
duration. Past history revealed no known tuberculous contact, but measles, 
mumps, chickenpox, pertussis and a previous tonsillectomy. Examination 
showed bilateral scars from cervical adenitis, hard movable, nontender sub- 
maxillary nodes on the left, enlarged moderately firm anterior and posterior 
suprascapular nodes on the right, a walnut-sized node in right axilla which 


1 From the Department of Public Health, University of California, Tuberculosis Service, 
San Francisco Hospital, Dr. Sidney J. Shipman, Chief, San Francisco, California. 
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was nontender, firm, movable, and shotty inguinal nodes. Mantoux test was 
four plus. X-ray examination, July 19, 1937, showed upper mediastinal 
shadow widened to the right due to paratracheal adenopathy; mild generalized 
peribronchial thickening without accentuations in any area. On July 27, 
1937, since examination of July 19, 1937, a small soft circular area of infiltra- 
tion had appeared just below the right second rib anteriorly. The bronchial 
markings leading from this focus were thickened and accentuated, the hilar 
shadows were unchanged. 

In August, 1937, X-ray therapy was instituted to the cervical areas, 300 
R being administered bilaterally to the neck. Her fever continued with daily 
rises to 101-104°F. Monthly X-ray therapy was given until November 18, 
1937, at which time the patient developed upper abdominal pain increasing in 
intensity during the day and occasionally radiating to the left lower quadrant; 
there was nausea but no vomiting. There was present slight rebound tender- 
ness in both upper quadrants and right lower quadrant. White blood count 
was 6,000 with 72 per cent polymorphonuclear cells. Rectally there was a 
mass of tender nodes just above the cervix on the right. By December 3, 
1937, the attacks of pain came more frequent, now accompanied by nausea and 
vomiting, but without a change in bowel habits. The pain was usually in the 
midabdomen but would radiate at times to the right lower quadrant, and at 
other times to the left lower quadrant. The patient then continued a downhill 
course for one month with temperatures as high as 105°F. A clinical diagnosis 
of miliary tuberculosis was made, which was confirmed roentgenologically 
prior to exodus. 

The postmortem diagnosis was: generalized miliary tuberculosis; general- 
ized tuberculosis lymphadenitis; tuberculous peritonitis; tuberculous salpingo- 
oophoritis and extensive tuberculosis of the uterus. The pancreas was found 
with difficulty, being buried in solid masses of lymph nodes and tuberculous 
granulation tissue. Where the pancreatic tissue could be distinguished, it 
appeared pale brown in color and firm in consistency; caseous lymph nodes 
encroached on the limits of the pancreas and in some areas suggested extensions 
into the pancreatic tissue itself. The stomach revealed a flat ulcer, about 
0.5 cm. in diameter near the pylorus. Microscopical examination of the pan- 
creas showed numerous areas of tuberculous involvement; these comprised 
single and conglomerate tubercles in both the parenchyma and the interstitial 
tissue. Where not involved by tuberculosis, the pancreatic tissue was not 
remarkable. Sections of the stomach ulcer showed complete loss of mucosa 
down to the submucosal layer, the free portion of which was necrotic. At 
the deeper portion of the periphery, there was much round cell infiltration and 
quite well defined epithelial reaction; definite tubercles but no giant cells were 
seen. 


TUBERCULOSIS OF PANCREAS AND STOMACH 


DISCUSSION 


In the series of cases studied at autopsy definite tubercles are found in 
pancreatic tissue, but are microscopical in size. The distribution of these 
suggest a haematogenous dissemination and a late event in the sequence of 
an overwhelming infection. A case report is presented with a generalized 
lymphatic involvement, with periodic seedings to the body and a final general- 
ized miliary dissemination. The complications of pancreatic and gastric 
involvement, each rare in itself, were found combined in this case. 


BIBLIOGRAPHY 


(1) Van Vaizau, S. L.: Am. Rev. Tuberc., 1924, 9, 409. 

(2) Brown, L., AND SAmpson, H. L.: Intestinal tuberculosis, Lea and Febiger, 1926. 

(3) Reuruss, M.E.: The diagnosis and treatment of diseases of the stomach, W. B. Saunders, 
1927. 

(4) BANDELIER, B., AND ROEPKE, O.: Clinical system of tuberculosis—all forms, Translated 
from the Second German Edition by G. Bertram Hunt, M.D., B.S., William Wood 
& Company, May, 1912. 


811 

{ 

{ 

q 

q 

1 

w 


A PORTABLE ANEROID PNEUMOTHORAX APPARATUS! 
WILLIAM A. ZAVOD 


The following is a description of a simple, portable aneroid apparatus for the 
introduction of measured quantities of air into body cavities under manometric 
control. 

The apparatus? weighs six pounds, measures 7} x 5} x 5} inches, is free of 
all fluid and protected against mishandling. The entire mechanism is mounted 
on a bakelite panel and housed in a steel case (figure 1). 


Fic. 1 
The apparatus has the following component parts: 


1: A glass cylinder of 150 cc. capacity with a scale graduated in 5 cc. and 
marked off in 50 cc. The cylinder is of accurate bore and fitted with a metal 
piston. 

2: The manometer is of the aneroid type with a capacity to record up to 
+ 50 cm. of water pressure. ' 

3; A cautery bulb which is the source of air under pressure. 

4: A commutator valve that transmits the air to either end of the piston. It 
has speeds “1” and “‘2” for slow and fast operation respectively. 

5: Couplings for attaching cautery bulb and connecting tubing. 


1 From the Tuberculosis Division, Grasslands Hospital, Valhalla, New York. 
2 Manufactured by the American Cystoscope Makers, Inc., New York, New York. 
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The operation is simple. 


With the valve in the “Off” position the cautery 


bulb is attached to the outlet on the panel marked “Bulb” and the bag of the 


cautery bulb inflated. 
of air.) 


(At a diameter of 6} inches it holds about 1,400 cc. 
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The valve is turned clockwise (figure 2) until the piston reaches the “O” 
position on the lower scale. As soon as the needle attached to the connecting 
tubing at outlet marked “Air” is introduced into the pleural cavity, the 
manometer will indicate the fluctuation in pressure in that space. Turning 
the lever anticlockwise to position “1” or “2” will start the piston moving to 
the left. The manometer remains open during this operation and will there- 
fore show the pressure under which the air is entering the pleural cavity 
(figure 3). Should the needle slip out of the pleural cavity into the lung or 
chest wall, the interference with the free flow of air will be recorded on the 
manometer by a rise in pressure. The manometer thus also acts as a safety 
gauge during the introduction of air. 

The movement of the piston can be stopped after any desired amount of 
air has been given by turning the valve to the “Off” position. With the valve 
in this position, the manometer is recording the pleural pressure only (figure 4). 

After the piston has travelled the length of the cylinder, 150 cc. of air has 
been delivered. Turning the valve clockwise again (figure 5) will start the 
piston moving in the opposite direction and delivery of air is continued as 
long as the bag of the cautery bulb remains inflated. 

For decompression the coupling at the end of the cautery bulb is connected 
to the outlet marked “Bulb,” that is, the cautery bulb is turned about. The 
steps of operation are similar to those of compression, except that since the 
flow of air is reversed the manipulation of the valve in relation to the movement 
of the piston is reversed. 


STATISTICAL DATA 


Edited by JESSAMINE S. WHITNEY 


TUBERCULOSIS DEATH RATES IN VARIOUS COUNTRIES 


It has been difficult in recent years to get comparable death rates from 
tuberculosis for various foreign countries, but a recent publication! of the 
League of Nations gives a fairly comprehensive picture as shown in the fol- 
lowing table, compiled from that source. 


Tuberculosis death rates per 
Country 100,000 (ali forms) 


40.3 
100.3 
70.8 
149.8 
60.1 
265.8 
Czechoslovakia 123.9 
Denmark 44.4 
Egypt (towns) 53.4 
England and Wales 69.5 
i 160.8 
189.9 
118.1 
70.5 
128.4 
149.1 
132.1 
123.4 
85.6 
206.6 
88.8 
Luxemburg 61.5 
Netherlands 48.0 
39.2 
97.7 
101.6 
152.3 
178.5 
73.6 
107.5 
93.2 
87.1 

32.6 (White population only 

and exclusive of “sili- 

cosis with tubercu- 

losis” —rate of 3.9) 

53.6 
112.0 


1 Annual Epidemiological Report of League of Nations for the Year 1937, Geneva, 1939. 
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ATTACK RATES FOR TUBERCULOUS INFECTION IN SEVERAL POPULATION GROUPS 


A very ingenious comparison of infection rates in various Minneapolis 
groups is reported on in the December 16, 1939 issue of the Journal of the 
American Medical Association.2 The summary table appearing in the article 
is reproduced below. Perhaps the most interesting data are found in the next 
to the last column where the various groups are graded according to their 
infection attack rate as compared with that of Minneapolis children. 


Crude annual primary tuberculous infection attack rates for different local population groups 


NUMBER AND 
PER CENT 
INFECTED 

DURING TIME 


“THE 


SOURCE OF DATA 


ENVIRONMENT DURING 
PERIOD OF OBSERVATION 


TIME SPENT 
IN ENVIRON- 
MENT 


SPENT IN 
ENVIRON- 
MENT 


FECTIONS (PER CENT): 
CRUDE ANNUAL PRIMARY IN- 


AVERAGE ANNUAL INCREASE IN IN- 


FECTION ATTACK RATE” 


RATE TO THAT FOUND FOR MIN- 


NEAPOLIS CHILDREN 


RATIO OF EACH INFECTION ATTACK 


100 PER CENT OF EACH GROUP 


ESTIMATED TIME REQUIRED FOR 
TO BE INFECTED 


Children 
Parents 
Students 


Medical 
students 


Nurses train- 
ing in hos- 
pitals 


Private homes 
Private homes 
College of Education 


Freshman, sopho- 
more, junior years; 
no tuberculosis 
service 

Senior year; 2 weeks 
tuberculosis service 


No tuberculosis serv- 
ice 

Six weeks tubercu- 
losis service 

Three months tuber- 
culosis service 

Six weeks tubercu- 
losis service 


344* 
158* 


158** 


3.0 


3.0 


3.0 


10 weeks 


30.4 


59.3 


89.2 


22.2 


ad 
oo 


an 


44.5 


10.1 
19.8 
29.7 


115.4 


12 


25 


37 


144 


o 


* Tuberculin reaction negative to 0.1 mg. of tuberculin when study was commenced. 


** Tuberculin reaction negative to 1 mg. of tuberculin when study was commenced. 


2C. A. Stewart, F. E. Harrington, J. A. Myers, R. E. Boynton, P. T. Y. Chiu and T. L. 
Streukens: Primary Tuberculous Infection Attack Rates, J. A. M. A., December 16, 1939, 


113, 2204. 


| | | 
| 
years 
1,278 6.4 67|5.2| 1 {125.0 
1,192 36.3 687 |57.6 
173* 4.0 10 | 5.8 1.5 2 | 66.7 
289* 3.0 24 | 8.3 | 2.8 3 | 25.0 
265* 1.0 118 |44.5 | i 56 1.6 
204 | 5.4 
141 | 3.4 
| | | 0.7 
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ESTIMATED TUBERCULOSIS DEATH RATE IN UNITED STATES FOR 1939 


From the data of the Metropolitan Life Insurance Company® we have a 
forecast of the probable tuberculosis death rate in the United States for 1939. 
The tuberculosis death rate for last year among the 17,000,000 Metropolitan 
industrial policyholders was 44.9 per 100,000, a decline of 4.9 per cent over the 
rate for the preceding year. The reduction in the United States tuberculosis 
death rate corresponds very closely year by year to the percentage decline 
among Metropolitan policyholders. 

If the 4.9 per cent reduction noted above be applied to the official United 
States tuberculosis death rate for 1938, which was 48.9 per 100,000, the 
resultant rate for 1939 would be 46.5. It is fairly safe to predict that the official 
tuberculosis death rate for 1939 when available will not be far from that figure. 


LOW TUBERCULOSIS MORTALITY AMONG JEWS 


Dr. Eugene Gagnon of Montreal, writing in the Canadian Public Health 
Journal‘ for January, 1940, attempts an explanation of the low tuberculosis 
mortality rate in the Jewish race. 

Since 1911, the Health Department of Montreal has classified deaths ac- 
cording to the racial origin of the decedents. The tuberculosis mortality 
among the Jews has been only 40 per cent of the rate for the entire population, 
and if the comparison were made between the Jewish rate and that for the 
rest of the population, the difference would be more accentuated. 

Doctor Gagnon believes that the following factors are accountable for some 
of the wide differences in the rates: 


1: Sixty per cent of the Jewish population of Montreal is foreign-born. They 
were medically examined before entering the country and constitute a select 
group as far as health is concerned. 

2: The group has limited social relations with other groups, mostly in schools 
where the danger of infection from open tuberculosis is slight. Family contact 
is largely limited to people of the same race. 

3: The Jewish community has more available beds in relation to the population 
and their charitable subscriptions comprise more than 18 per cent of the total, 
although they constitute but 6 per cent of the population; therefore, their 
welfare cases are better provided for. 

4: The Jewish population is almost entirely urban and only a small proportion 
is occupied in heavy outside or inside work. 


* Statistical Bulletin, Metropolitan Life Insurance Company, January, 1940, vol. 21. 
* Eugene Gagnon: The Low Mortality Rate from Tuberculosis in the Jewish Race, Canad. 
Pub. Health J., January, 1940, 31, 13. 
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5: The Jew allows himself a wholesome and abundant diet, takes care of his 
health, has a medium size family—only 10 per cent of Jewish families have 
more than four children—so that contamination in the home is restricted. 


Doctor Gagnon quotes an earlier paper’ by Doctor Arnould who, after 
analyzing the statistics published on the subject, concludes “‘that tuberculosis 
mortality among the Jewish population is, and has been for a great many 
years, less than half that obtaining amongst the non-Jewish population.” 
Doctor Arnould’s extensive study of the subject revealed two other definite 
conclusions, namely, that tuberculosis morbidity is only slightly less in the 
Jewish than in the non-Jewish population, and the development of the disease 
is much slower among the Jews. 


5 E. Arnould: Le probléme de la tuberculose chez les Juifs, Rev. de phtisiol., 1934. 


Norman Bethune 
1890-1939 


True leadership is the heritage of but few men. Henry Norman 
Bethune (‘‘Beth” to his intimates) wore this toga with natural grace. 
His fellow men accorded him a vanguard position in many walks of life 
without hesitation. His great versatility sometimes tempted him to 
enter bypaths which more prosaic colleagues might consider enviable 
avocations. Norman Bethune’s rare capacity prompted him to accept 
unusual situations as inevitable and to dominate them by the sheer 
force of his personality. He tempered healthy skepticism with toler- 
ance. His was a facile intellect which found easy transition between 
a fine inventive genius and a sincere liberalism of thought. Beth’s 
all-too-brief career has already become an incomparable legend to a 
host of those who knew him. 

Like most idealists, Norman Bethune knew disillusion. As head of 
the Hispano-Canadian Transfusion Service for the Loyalists during the 
Spanish Civil War, he encountered bitter disappointments which were 
hard to bear for an altruist like him. Nevertheless, he successfully 
developed the method of storing blood in wine molds and using it for 
delayed transfusions as long as three weeks later. Subsequently, with 
the Eighth Route Army hospital units in northern China, he felt keenly 
the failure of promised medical supplies to materialize when the need 
was dire. In all probability he never received information that the 
sponsoring organization in America had meanwhile become bankrupt. 
These cruel facts unquestionably contributed to his untimely death. 
For his services in Spain and China he had interrupted a surgical career 
of undisputed accomplishment and ever-growing promise. At the time 
of his death he was a member of the Council of the American Association 
for Thoracic Surgery. 

In 1936, Doctor Bethune’s outstanding paper on Some Errors in Tech- 
nique and Mistakes in Judgment Made in the Course of 1000 Thoracic 
Surgical Operations was presented at the annual meeting of the American 
Association for Thoracic Surgery in Rochester, Minnesota. It was 
received with keen appreciation, and voluntary statements by several 
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members of the Association, to the effect that they would more than 
ever be willing to have Bethune operate upon them or their families, 
justified his admirably honest effort. Several thoracic instruments 
which bear his name are in general use in many surgical clinics and sana- 
toria to-day, because their practical design and simplicity appeal to the 


; 


Norman Bethune 
1890-1939 


most fastidious operator. Doctor Bethune was unusually quick to see 
possibilities for improvement in his own work or ideas. 

For a number of years first assistant in Archibald’s Medico-Surgical 
Pulmonary Clinic at the Royal Victoria Hospital in Montreal, Beth 
ably helped receive innumerable medical visitors who came there on 
pilgrimages from all over the world. These found him unusually stimu- 
lating, and he became the confidant of many. He possessed great 
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capacity for, and the ability to inspire, hero-worship. During these 
fruitful years he, himself, was the nonchalant possessor of an artificial 
pneumothorax of which few were aware. Prior to a physical break- 
down, he had engaged in practice for a time in Detroit, doing general 
surgery with thorough ability. 

Norman Bethune was born forty-nine years ago in Gravenhurst, 
Ontario, son of the Rev. and Mrs. Malcolm N. Bethune. He graduated 
from Medical School at the University of Toronto, and earned a Fel- 
lowship in the Royal College of Surgeons at Edinburgh. He served 
with the first Canadian contingent in France in 1914, and later as Sur- 
geon Lieutenant in the Royal Navy. After the Armistice he became 
Medical Officer to the Canadian Air Force, and was, more recently, 
Consulting Thoracic Surgeon to the Canadian Department of Pensions 
and National Health. He left the invaluable service of Doctor Edward 
Archibald to become head of the Department of Thoracic Surgery at 
Sacre Coeur Hospital in Montreal. Unselfish and history-making serv- 
ice in Spain, and later in China, followed. 

With no thought of sacrifice, he laid down his life for strange peoples 
upon alien soil. Death resulted from septicaemia, tragically acquired 
while operating under heroic conditions at Wupaishan, Shansi Province, 
China. 


LINCOLN FISHER 
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INTRODUCTION AND GENERAL SUMMARY 


The Bureau of Tuberculosis of the Department of Health in New York 
City has been engaged in mass case-finding surveys to detect tuberculosis 
since 1933. There has been ample opportunity to test out a number of 
procedures for effectiveness and economy in approach so that for the 
past year or more, we have been able to organize our work on a more 
nearly permanent basis. Throughout this period, we have utilized 
Federal funds through Civil Works Administration (CWA) and later 
Works Progress Administration (WPA). However, the Department of 
Health has gradually assumed more and more of this responsibility and 
has accepted the mass survey idea as a basic part of our control program 
and one that should be supported entirely by tax funds. 

It is the purpose of this report to outline in some detail the problem of 
tuberculosis in New York City and the philosophy underlying our 
methods of tuberculosis control. The material presented herewith deals 
primarily with mass surveys of the apparently healthy adult population; 
it does not attempt to analyze or comment on the Department’s routine 
District Clinics, the Ambulatory Pneumothorax Service, or the Con- 
sultation Service operated for the private physician—all of which are 
fundamental activities in our program. In 1938, there were 65,607 
individuals admitted to these services and they made a total of 176,090 
visits. 

The major problem of tuberculosis is to be found among the colored 
population. While there has been a steady decline in mortality over the 
years, the rates among the colored are still five to ten times those of the 
white by specified age and sex divisions. The problem of tuberculosis 
is more prevalent in tenement house areas and among the unemployed 
than those of better social and economic surroundings. The enumera- 
tion of the population and other facts of the public health by census tracts 
permits an exact localization of the problem in the City, and it has been 
upon these basic data that the mass case finding program has been de- 
veloped. 

Since 1933, over 225,000 persons have been included in our surveys and 
there is every indication that under existing conditions, upwards of 75,000 
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new persons will be added each year. Other important groups have been 
previously reported by Barnard! and Downes,’ other surveys now in prog- 
ress will be published later, and will include approximately 25,000 in- 
dividuals working in the garment trades. 

The amount of tuberculosis discovered in these surveys has varied 
widely according to the age, sex, race and economic factors, characteristic 
of a given population. 

Chronic pulmonary tuberculosis has been diagnosed in approximately 
4 per cent, and includes all lesions characteristic of the reinfection form 
of the disease. The reports in this series captioned chronic pulmonary 
tuberculosis include lesions adjudged as arrested as well as those of some 
clinical significance. The prevalence of clinically significant tubercu- 
losis in our studies has averaged 2.5 per cent of the total X-rayed. The 
term “clinically significant” as used in these reports includes all cases in 
which the radiographic shadow indicates a lesion typical of a reinfection 
form of the disease varying from those obviously active, with associated 
constitutional symptoms and physical findings, to those without asso- 
ciated findings, but in which the stability of the lesion cannot be deter- 
mined without periodic supervision. Of the latter many resolve fairly 
promptly while others progress rapidly. The proper evaluation of these 
lesions presents one of the most difficult problems in this type of work, 
and thus far, the only feasible solution has been to keep these patients 
under supervision for a period of time long enough to determine their 
stability. Observations thus far indicate that prompt regression and 
cure is more common in those above twenty-five years of age than in 
those below that age. Many cases have been hospitalized with excellent 
results and others have responded well at home on restricted activity. 
A subsequent report will deal with the final outcome of these cases. 

In general more pulmonary tuberculosis has been found among the 
white population above 25 years of age than the colored whereas the 
reverse has been true below that age. In those with clinically significant 
disease the minimal lesions have predominated in all surveys and repre- 
sent approximately 70 per cent of the total found. 

The studies reported herewith include radiographs of 162,446 individ- 
uals representing 15 population groups. The lowest prevalence of 


1 Barnard, M. W.: The X-Ray in Tuberculosis Case-Finding. The Quarterly Bulletin 
of the Milbank Memorial Fund, 1933, 11, 233. 

2 Downes, Jean: Tuberculosis Case Finding in the Red Hook Area of New York City. 
The Quarterly Bulletin of the Milbank Memorial Fund, 1934, 12, 134. 


; 
| 
| 
| 


INTRODUCTION AND GENERAL SUMMARY 5 


chronic pulmonary tuberculosis was found among the college students 
and the highest among homeless unsettled males. A brief summary of 
133,062 showing the average age and prevalence of chronic and active 
pulmonary tuberculosis is contained in table 1. 

In addition to the above studies there are included under “Other 
Surveys” approximately 30,000 individuals mostly representing earlier 
studies before adequate statistical facilities were available for as com- 
plete analysis of data as is reported in recent studies, also a survey among 
Puerto Ricans drawn from the home relief rolls. 


TABLE 1 


Prevalence of chronic and active* pulmonary tuberculosis by age in 133,062 individuals examined, 
New York City Department of Health, 1936-1939 


PULMONARY-TUBERCULOSIS 


Chronic 


Number 


High School students 15,795 , 67 
Colleges students 16,810 : 58 
National Youth Administration En- 
8,708 172 
1,917 48 
Teacher applicants. 82 
Fire Department applicants 5,279 70 
Health Department applicants 1,306 62 
House of Detention prisoners 1,023 38 
Lower Harlem Home Relief recipi- 
65,459 
Riker’s Island prisoners 3,892 
Furriers Union members 4,972 
4,716 


133,062 


* Clinically significant. 


An important finding in these studies was the lack of correlation be- 
tween lesions manifest on the radiograph and symptoms or physical 
findings that were even suggestive of tuberculosis. The great majority 
of the new cases discovered were entirely new to the roster of known 
cases, and in but an occasional instance, were new cases found in the 
routine examination of family contacts not X-rayed in the survey but 
that followed the discovery of each new case. 

A fundamental policy in these surveys has been to secure a significant 


| Per Number 
0.4 58 | 0.4 
0.3 34 | 0.2 
2.0 79 | 0.9 
2.5 19 | 1.0 
2.6 33 | 1.0 
1.3 40 | 0.8 
4.7 15 | 1.1 
3.7 10 | 1.0 
4.1| 1,919 | 2.9 
10.6 175 | 4.5 
7.0 64 | 1.3 
16.0 250 | 5.3 
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sample of varying groups of the population so that indices of the prev- 
alence of tuberculosis might be determined. Once such basic data are 
available, a more permanent program can be established on the basis of 
the relative yield of the varying types of the population; thus, the expend- 
iture of funds for this type of service can be made to yield the greatest 
return for the dollar invested. It will be readily apparent from a review 
of the material presented in this report, that adults of low income, the 
unemployed and the colored most nearly approach the economic opti- 
mum for this type of case finding. The high school and college student 
should have a place in a well rounded community program, but that place 
is of relatively less significance than that of those above twenty years of 
age. Also, the experience among the high school and college popula- 
tions clearly indicates the importance of the tuberculin test as a method of 
preselection for X-raying. 

There is an active interest among the public in this work; cooperation 
has been excellent and there are far more requests for the service than 
we can meet. The fact that it has been without cost may have had 
some effect; nevertheless, there seems to be a genuine interest on the 
part of those included thus far. In view of our findings there can be no 
question as to the soundness and advisability for the expenditure of 
public funds for this purpose. With the exception of the prison popula- 
tion and applicants for employment to the various departments of the 
City, the program has been on a voluntary basis. In the high schools, 
the principal and his faculty have been entirely responsible for securing 
requests from parents for the tuberculin test and X-ray films. Over 
ninety per cent of the students have brought these requests. In some 
of the relief population, approximately fifty per cent have asked for the 
tests. 

It is difficult to credit any one method with the prompt response on the 
part of the public. For years, the Department of Health, the local 
tuberculosis associations, allied agencies interested in public health, the 
press and the radio have kept before the public the importance and 
dangers of tuberculosis. All of this effort must be bearing some fruit 
atthistime. In any event, it may be concluded that the growing interest 
in tuberculosis places New York City in an enviable position enabling it 
to accelerate its program leading to the eradication of the disease. 

We are fully aware of and conversant with the extensive literature on 
the general subject of case-finding. The lack of uniformity in termi- 
nology, classification of disease, divisions by age, sex and color made it 
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difficult to make accurate comparisons. Thus, only a few references 
will be found which to us seemed most pertinent to our studies. 

It is desired to acknowledge an indebtedness to those who have 
helped to make these studies possible. The Works Progress Administra- 
tion, in addition to the project per se, has been most sympathetic and 
understanding in the technical problems involved and in the assignment 
of a selected personnel without which this work could not have been done. 
Credit is due the individual members of the Project staff and more 
particularly those that have been in charge of the statistical work as 
they have done an extraordinary job in organizing and tabulating the 
data. Credit is also due to the members of the Bureau staff in the central 
office as well as the district clinic for the valuable contribution each has 
made. The following members of the Bureau staff and others have 
contributed to the preparation of various parts of this study: Doctors 
D. E. Ehrlich, M. H. Green, M. Kurzrok, D. Reisner, A. B. Robins, 
J. Rogoff, and J. B. West; and H. D. Connell, J. Downes, R. Murphy, 
and L. Wiener. 

The National Tuberculosis Association rendered valuable assistance 
through the services of Miss Jessamine S. Whitney in the standardization 
of statistical procedures. The Milbank Memorial Fund through the 
services oi Miss Jean Downes gave valuable assistance in solving special 
statistical problems. 

HERBERT R. Epwarps, M.D. 
Director, Bureau of Tuberculosis 


THE PROBLEMS OF TUBERCULOSIS IN 
NEW YORK CITY! 


At the beginning of the present century, during the three years 1901 
to 1903, tuberculosis—all forms—was charged with more deaths than 
any other single cause of death. The death rates per 100,000 of the 
population for each of the four numerically most important causes of 
death were: tuberculosis, all forms, 251; pneumonia, 243;the diseases of 
the digestive system, exclusive of cancer but including the terrific 
toll taken by diarrhoea among children, 240; and diseases of the circu- 
latory system, 155. Ten years later, during the three-year period 1909 
to 1911, the tuberculosis rate had decreased to 212 per 100,000 popula- 
tion, and was exceeded by that of the diseases of the circulatory system 
with 226, and also by the pneumonia rate which was 215 per 100,000. 
During the two-year period 1919 to 1920, the tuberculosis death rate 
reached a then new low level with 139 per 100,000 population, but it 
still was greater than that for any other cause of death except that for 
the diseases of the heart and for pneumonia. The passage of another 
decade found the tuberculosis death rate further decreasing. During 
the three-year period 1929 to 1931, the death rate, charged to what used 
to be known as the “great white plague,”’ was only 73 per 100,000 popu- 
lation, and at that time three other causes were each charged with more 
deaths: heart disease, pneumonia, and cancer, recently recognized as 
being in the ranks of chief killers. During the last three years for 
‘which detailed analyses are available, 1935 to 1937, tuberculosis was 
fourth in numerical importance, but the rate was 60 per 100,000. 

In none of the periods mentioned were the deaths of residents of New 
York City occurring away from the City taken into account. If that 
were done, the present tuberculosis rate would be increased about 15 
per cent. 

In analyzing the tuberculosis mortality, one must bear in mind the 
effect of the color, age, and sex composition of the population on the 
death rate. For instance, it is estimated that colored people comprise 


1 This section was prepared with the assistance of Louis Weiner, Statistician, Bureau of 
Records. 
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less than six per cent of New York City’s population; yet, more than 25 
per cent of the tuberculosis deaths come from the colored group, as 
shown in table 1. In other words, colored persons furnish 4.55 times as 
many tuberculosis deaths as they should be expected to, on the basis of 
their proportional representation in the population. 

Table 1 also shows that males, just about half of the population, sup- 
ply almost 65 per cent of the tuberculosis deaths, or 1.28 times as many 
as they should on a population basis. 

A considerable influx of Puerto Ricans into New York City has oc- 
curred in recent years. It is difficult to estimate the number of Puerto 


TABLE i 


City of New York, per cent distribution of population and tuberculosis deaths by color and 
sex groups, 1935-1937 


PER CENT OF TOTAL PER CENT OF TOTAL 
POPULATION TUBERCULOSIS DEATHS | COLUMN 2 + COLUMN 1 
POPULATION GROUP 


Colored males 
Colored females........... 


White persons 
Colored persons 


64.6 
35.4 


Puerto Ricans* 0.3 3.4 


* Based on an estimate of 60,000 Puerto Ricans in the City in 1937. 


Ricans in this City. The 1930 census showed that 45,000 persons born 
in Puerto Rico lived in New York City. If we estimate that in 1937, 
60,000 of these Islanders lived here, we get the figures shown in table 
1; 0.3 per cent of the population was the source of almost 3.5 per cent 
of all the tuberculosis deaths, more than eleven times as many as should 
be expected on a proportional population basis. Increasing the estimate 
to 70,000 does not markedly change the percentages. This should not 
be surprising because Whitney? has shown that the tuberculosis death 


2 White Shadows in the Caribbean, unpublished results of study by Jessamine S. Whitney, 
in the files of the National Tuberculosis Association. 


; 1 2 3 
White males............... 47.5 49.3 1.04 
White females............. 46.9 25.2 0.54 
10.2 3.64 
2.8 10.2 3.64 
94.4 74.5 0.79 
5.6 25.5 4.55 
11.33 
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rate in Puerto Rico is even higher than among Negroes in the United 
States. 

Table 2 shows the effect of age on the tuberculosis mortality. The age 
groups between 25 and 54 years contain 47.9 per cent of the total popu- 
lation but furnish 61.9 per cent of all the deaths ascribed to tuberculosis. 

To understand the tuberculosis mortality problem more clearly, it is 
necessary to study the deaths charged to this disease by color, sex, and 
age. Unfortunately, in New York City, such figures are available only 
since 1920. In 1920, the crude death rate had declined to 126 per 
100,000 population, considerably lower than the death rates which 
existed previous to the 1918 pandemic influenza. In 1921, the rate was 


TABLE 2 


City of New York, per cent distribution of population and tuberculosis deaths by age groups, 
1935-1937 


PER CENT OF TOTAL PER CENT OF TOTAL 
POPULATION TUBERCULOSIS DEATHS | COLUMN 2 + COLUMN 1 
AGE GROUP, YEARS 


1 


6.4 
7.7 
8.0 
9.0 
10.0 
19.4 
17.1 
11.4 
6.7 
3.3 
0.9 


DO 


75 and over 


102 per 100,000. From this point the downward trend practically 
paralleled the trend previous to 1918. 

The changes in the tuberculosis mortality rates since 1920 are shown in 
figure 1. The effect of age has been eliminated by “‘standardizing”’ the 
death rates. The profile for each sex and color group is shown sepa- 
rately, so that we may study the changes which have taken place in 
each group. The greatest decline has taken place in the rates for white 
females, the next greatest in those for white males, and those for colored 
males have shown practically no decrease. It is possible, of course, 
that the colored male population is underestimated at present, and 
therefore the rates for this group in recent years should be somewhat 
lower than indicated. 


3 
Under 5, 0.39 
5-9 0.10 
10-14 0.14 
15-19 0.50 
20-24 0.96 
25-34 
35-44 1.24 
45-54 1.66 
55-64 1.82 
64-74 1.76 
1.78 
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In table 3, the standardized death ratesare presented for all ages and 
the average age specific death rates, by color and sex, for each of three 
periods—1920 to 1925, 1929 to 1931, and 1935 to 1937. From the 
first period to the most recent, the death rate per 100,000 for all ages, 
standardized for age, decreased 58.9 per cent in white females, 47.6 per 
cent in white males; 14.6 per cent in colored females and only 0.5 per 


CITY OF NEW YORK 


TUBERCULOSIS — ALL FORMS 


STANDARDIZED DEATH RATES PER 100,000 
BY COLOR AND SEX 


= 

WHITE FEMALES 


Fic. 1 


cent in colored males. The decrease in the rate for all persons was 41.7 
per cent. 

From figure 1 and table 3, it is evident that the tuberculosis mortality 
in the colored population of the city has not shown the improvement 
manifested in the rate among white persons. The economic status of 
the Negro, the largest group of the colored population, has not improved 
as much as that of his white neighbors. He is usually employed in 


OO 500 

|__| 
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occupations where the tuberculosis prevalence is above the average or 
in marginal positions, many of which are given white persons in times of 
economic stress. He lives in overcrowded dwellings, because the only 
way that he can pay the rent is to put as many persons as possible in 


TABLE 3 


City of New York, tuberculosis—all forms, average annual death rates per 100,000 by color, 
sex, and age 


MALES FEMALES 
AGE PERIOD, YEARS 


1920 to 1925 | 1929 to 1931 | 1935 to 1937 | 1920 to 1925 | 1929 to 1931 | 1935 to 1937 


All ages* 


Under 5 
5-9 
10-14 
15-19 
20-24 
25-34 
35-44 
45-54 
55-64 
65-74 
75 and over 


> > w& 


Colored 


All ages* 325.6 303.2 


Under 5 331.5 240.4 
5-9 87.0 86.2 
10-14 128.4 111.3 
15-19 366.4 393.2 
20-24 472.6 401.1 
25-34 366.0 342.0 
35-44 356.5 359.4 
45-54 370.5 396.0 
55-64 450.7 487.6 
65-74 541.6 275.3 
75 and over 179.5 320.0 


* Standardized for age—England and Wales, 1901. 


an apartment for one medium-sized family. Treatment facilities are 
equally available for all races but are inadequate on the basis of the ratio 
of beds per average annual death, being 1:1, when by accepted stand- 
ards the ratio of beds should be 2:1 as a minimum. However, the 
colored population actually used about one-fourth of the available beds. 


White 
a 102.1 | 69.5 | 53.5 | 70.8 | mm | (29.1 
66.9 | 39.2 | 17.3 | 60.7 16.2 
14.3 7.3 3.5 | 15.9 3.3 
12.1 6.3 2.7 | 23.9 | 4.8 
59.4 | 30.3 | 12.5 | 93.0 24.1 
106.0 | 63.7 | 30.4 | 116.1 48.9 
114.9 | 70.6 | 53.9 | 95.4 44.3 
152.1 | 100.0 | 79.4 | 81.8 | 32.9 
201.5 | 150.5 | 131.5 | 72.0 34.0 : 
214.0 | 181.7 160.0 | 70.6 41.5 
173.8 | 152.2 | 150.0 | 75.7 52.9 
135.3 | 105.7 | 145.6 | 47.7 65.4 
323.9 | 235.4 | 228.0 | 201.0 
135.3 | 256.4 | 195.0 77.1 4 
61.8 | 80.4 | 69.5 | 47.9 
| 80.9 | 176.7 | 154.6 | 157.5 
257.0 | 453.1 | 439.1 | 341.4 ; 
301.0 | 337.8 | 376.3 | 334.1 : 
305.3 | 263.8 | 277.7 | 250.7 
462.4 | 194.4 | 178.9 | 198.9 
607.2 | 189.0 | 205.2 | 206.0 
685.9 | 200.8 | 193.3 | 198.5 
308.3 | 127.7 | 103.0 | 164.2 
585.2 | 159.0 | 169.1 | 304.9 
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We have seen that the greatest number of deaths from tuberculosis 
occur in the age groups between 25 and 54 years. The greatest death 
rates, however, exist at different ages in each color and sex group. 


CITY OF NEW YORK 


TUBERCULOSIS — ALL FORMS 


AVERAGES OF ANNUAL DEATH RATES PER 100,000 
BY COLOR, SEX, & AGE 
1920-1925 & 1935-1937 
WHITE MALES WHITE 


LORED FE 


Fic, 2 


The specific tuberculosis death rates for 1920 to 1925 and 1935 to 1937 
of table 3 have been plotted in figure 2. Among both white males and 
white females the death rate decreased at all age groups except that 
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at 75 years and over. The greatest percentage reductions in the death 
rates for white males occurred in the 5 to 24 year age groups and for 
white females in the 5 to 14 year groups. The reductions in the 15 to 
24 year groups for white females were also considerable. In fact, these 
rates dropped so much that the peak rates in the last three-year period 
were registered in the 65 year group and over, whereas in the 1920 to 
1925 period the rates peaked at 15 to 24 years. 

The tuberculosis death rates at the various age groups for colored fe- 
males recorded but little change between the 1920 to 1925 and 1935 to 
1937 periods. Reductions occurred in the younger age groups, up to 19 
years of age, and increases at the groups 65 years and over. These 
changes may not be significant because of the comparatively small 
number of deaths and small population figures. The highest rates ob- 
tain at 15 to 24 years of age. 

The graphs for colored males offer a puzzling picture. Considerable 
reductions are observed at all age groups under 35 years of age and very 
large increases in the age groups 35 years and over. It may be that this 
is a true picture. However, there is also a possibility that the picture 
may be somewhat distorted. These rates are based on population 
estimates which may be faulty; there may be more colored males 35 
years of age and over in the City than the estimates show. This belief 
is given added weight when the cancer death rates for the past seven 
years are considered. In 1931 the standardized death rate attributed 
to cancer, among colored males was 96.3 per 100,000 population; by 
1937 it had increased to 186.5. An increase of almost 100 per cent 
in only seven years in the death rate from a disease such as cancer does 
not seem in line with expectations, even allowing for the admitted im- 
provement in diagnosis. The large standard error due to the small 
numbers involved should also be taken into account. 

The upper two graphs of figure 3, drawn from the figures of table 4, 
show the relationship between male and female age specific death rates 
from tuberculosis, for white and colored persons. 

All the points in figure 3 above the 100 per cent line—the heavy 
line—show those ages at which the male death rates from tuberculosis 
are greater than the female rates and all points below those ages at 
which the female rates are higher. The closer a point is to the 100 
per cent line, the less the difference between the death rates in the 
two sexes. 

During 1935 to 1937, the tuberculosis mortality rate in males greatly 
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exceeded that in females at all age groups except those from 10 to 24 
years. This held true for both white and colored persons. Among 
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whites, the rates in males and females were most nearly equal at ages 
under 10 years; they were furthest apart at ages 45 to 64 years, when 
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the rates in males were almost four times as great as those in females. 
During the past eighteen years, the gap between the rates in the sexes 
at ages 35 to 74 years has increased in spite of the improvement in the 
death rates in males as shown in figure 2. This is due to a stillgreater 
lessening of the tuberculosis death rates in females at these ages. The 
fact that at these ages females usually lead more sheltered lives probably 
accounts for this. 

The graphs for the colored donot show thesmooth regularity in contour 
shown by that for white persons. This, no doubt, is due to the paucity 
of records for the colored. The rates in the colored by sex are furthest 
apart at age 65 to 74. Here too, the spread between the rates has in- 


TABLE 4 
City of New York, tuberculosis—all forms, per cent male and female death rate by color and age 


WHITE COLORED 
AGE PERIOD, YEARS 


1920 to 1925 | 1929 to 1931 | 1935 to 1937 | 1920 to 1925 | 1929 to 1931 | 1935 to 1937 


All ages* 184 


Under 5 
5-9 106 
10-14 56 
15-19 52 
20-24 62 
25-34 
35-44 
45-54 
55-64 
65-74 
75 and over 


* Standardized for age. 


creased since 1920 to 1925, but for a different reason from that for 
whites. Figure 2 shows no appreciable improvement in the rates in 
colored females, so that the widening gap is due to the recorded increase 
in the rates among colored males. 

The two lower graphs of figure 3, derived from table 5, similarly show 
the differences between the tuberculosis death rates in white and colored 
males and in white and colored females. The rates in the colored are 
always greater than those in whites as is shown by the curves not dip- 
ping below the heavy 100 per cent line, at any age. In the period 1935 
to 1937, the rates in both colored males and colored females at ages 25 
years and over have averaged about five times those in white males and 
females. The greatest difference in the rates for whites and colored is 


138 133 161 

129 123 175 

108 124 129 

73 72 51 

81 90 75 

140 107 90 

139 | 123 122 
183 201 232 | 

196 193 295 

224 252 346 

424 267 547 
113 189 | 192 


PROBLEMS OF TUBERCULOSIS IN NEW YORK CITY 17 


to be found at 10 to 14 years of age. At this age, the rate in colored 
males was almost 40 times that in white males and the rate in colored 
females was 33 times that in white females. In the period 1920 to 1925 
these ratios were only 10 and 7 respectively. As the rates for both 
whites and colored decreased, this increased separation of the rates is 
due solely to the much greater improvement in the rates for whites. 
Thus it will be seen that the problem of tuberculosis in New York 
City follows the general pattern of tuberculosis mortality throughout 
the country. The chief difference is the extent of the problem which 
is affected, first by the size and secondly, by the composition of the 
population. At the beginning of the present century, the tuberculosis 


TABLE 5 
City of New York, tuberculosis—all forms, per cent colored of white death rate by sex and age 


MALE FEMALE 
AGE PERIOD, YEARS 


1920 to 1925 | 1929 to 1931 | 1935 to 1937 | 1920 to 1925 | 1929 to 1931 | 1935 to 1937 


691 


75 and over 


* Standardized for age. 


death rate was 250 per 100,000 of the estimated population. In 1937, 
including New York City residents dying out of town, the rate was only 
66, a decline of 74 per cent. 

The full scope of the tuberculosis problem cannot be fully visualized 
without making reference to certain major social and economic problems 
that exist. 


SOCIO-ECONOMIC CONDITIONS 


Immigration: The marked reduction in immigration within recent 
years has definitely affected the death rates in those areas that formerly 
served as concentration points for those newly arrived. Furthermore 
there has been a considerable reduction in recent years in those immi- 


All ages* 319 436 605 332 519 = | 
Under 5 496 613 782 422 606 476 / 
5-9 608 1181 1766 506 1563 1452 / 
10-14 1061 1767 3908 739 1645 3281 i 
15-19 617 1298 2056 487 756 1417 i 
20-24 446 630 990 291 463 683 
25-34 319 484 566 277 439 566 
; 35-44 234 359 | 582 238 420 605 
45-54 184 263 462 263 487 606 
55-64 211 268 429 284 357 478 

65-74 312 181 599 169 179 310 7 
! a 133 303 402 333 302 466 : 
| | 
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grants coming to New York City a generation or more ago among whom 
tuberculosis death rates were high. There has been a steady removal of 
the native born of the immigrant out of the old tenement houses to 
better living quarters, and likewise they have had a higher income per- 
mitting better general living conditions. Also they have profited by 
the extension of public health measures available in the city, from 
birth throughout the remainder of the life span. Improved rapid trans- 
portation facilities have encouraged a movement to residential areas 
in the suburbs which are characterized by more single and duplex houses 
and, therefore, a greatly lowered concentration of population per square 
mile. 

Housing: Tuberculosis in New York City as elsewhere bears a direct 
relation to the housing available. In the so-called tenement areas the 
rates exceed by far those in better areas. There are still thousands of 
old-law tenements characterized by multi-storied dwellings with the 
minimum of light and ventilation, some rooms entirely without out- 
side light. These buildings occupy almost the entire building plot 
and, therefore, afford little or no area for play space other than the 
street. In the past few years, many of these buildings have been de- 
stroyed completely and replaced by parks and playgrounds; some have 
been remodelled; a number of large housing developments have been 
completed, and more are under way. Yet the congestion of the popu- 
lation in certain areas is excessively high, in one reaching 217,300 per 
square mile. Therefore the opportunities for close contact and spread 
of infection are ideal. The Housing Authority reports that as of March 
15, 1939, there were 55,823 old-law tenements in New York City. In 
Manhattan there were 26,527 with 310,104 apartments, whereas in 
Brooklyn there were 29,296 tenements with 138,591 apartments. Thus 
there were, on the above date, 448,695 tenement house apartments in 
the City, the majority of which were occupied. 

Congested housing of the tenement type is not a problem found only 
in the old tenement house districts. It has also developed in districts 
that were formerly considered good housing. In the Harlem district 
are apartment houses that were formerly occupied by white people who 
could afford to pay the rentals and live in reasonable comfort. In more 
recent years, these same houses have been almost completely taken over 
by the colored and Puerto Ricans. The rents have remained beyond 
the ability of a single family budget with the result, in many instances, 
that more than a single family occupies the space reasonably adequate 
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for one. In some instances, a single bed is used on an eight hour shift 
by three individuals. 

A similar problem is developing in other sections of the City where 
the colored populations are moving into the old brown-stone-front houses 
formerly occupied by a single family. This congestion of a population 
predominantly on a low economic level develops breeding points for 
tuberculosis. 

Another vital problem is to be found among the homeless and transient 
of our population which is estimated at upwards of 20,000. (See page 
109.) The Department of Welfare is housing and feeding over half 
this number regularly. This reaches a peak during the winter months 
but the present tendency indicates a constant increase. This population 
is predominantly male and resides, for the most part, in the area known 
as The Bowery. The death rates in this area have been about 350 per 
100,000 for the past fifty years. 

These men roam the streets and frequent the parks adjoining the 
Bowery as well as other parts of the City and are, therefore, a menace 
to the children and others who also use these places. Some of these 
men are known to secure temporary employment in food-handling 
establishments and in other places where they may easily spread their 
infection to others. The mass X-ray surveys of this group within the 
past year indicate beyond a doubt that an exceedingly high percentage 
not only have pulmonary tuberculosis in a healed stage but many are 
open and, therefore, spreaders of the disease. Their problem is not 
limited to the area in which they are housed but concerns the com- 
munity at large. 

Demography: The Greater City of New York is divided into five 
Boroughs. For the purposes of better public health administration, 
each Borough is further subdivided into Health Center Districts. There 
are thirty Health Center Districts, each representing approximately 
250,000 to 300,000 inhabitants and, in general, each is characterized 
by some particular racial stock or economic problem. All vital statistics 
are gathered on the basis of health areas each of which is, in turn, a sub- 
division of a Health Center District. In figure 4 is shown the tuber- 
culosis problem in the Borough of Manhattan, and in figure 5 the tuber- 
culosis problem in Central Harlem by health areas. 

The same subdivisions are made for each Health Center District and 
its component health areas. Thus we have an intimate picture not 
only of the general distribution of tuberculosis but its location within 
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a few city blocks. Tuberculosis, therefore, is a problem of precise areas 
and must be approached in that manner if control practices are to be 
successful. The distribution of our clinic services are made in accord- 
ance with the presenting problem in a given area. 

The tuberculosis death rates by Borough vary considerably (table 6), 
being from two to three times higher in Manhattan than in other 
Boroughs. The variation by Health Center Districts is much wider, as 
estimates for 1937 show 254.5 per 100,000 in Central Harlem District 
to 4 low of 15.0 in Tottenville. Of the eight districts in Manhattan, 
four are above 119 per 100,000, whereas in the Bronx the range is from 
28.6 to 54.2; in Queens, from 30.6 to 43.9; in Richmond, 33.1 and 15.0 
for two districts, and in Brooklyn from 22.0 to 74.4. In the thirty 
Health Center Districts, five have rates in the twenties and ten in the 
thirties. 


TABLE 6 


Tuberculosis—all forms—deaths and death rates per 100,000 estimated population by 
borough, 1938 


BOROUGH ESTIMATED POPULATION NUMBER OF DEATHS DEATH RATE 


3,833 51.2 
1,741 103.1 
522 34.9 
1,074 38.5 
440 32.8 
56 31.8 


Note: Nonresidents of New York City and persons of unknown residence included in 
borough where death occurred. 


Public assistance: The problem of relief in New York City is more 
staggering than the number of deaths as compared to other cities or 
states. The major part of this load is carried by the City through the 
Department of Welfare in the form of relief and indirectly through WPA 
in the form of work projects made possible by contributions for materials 
and supplies by the City. In addition, there are several private welfare 
agencies that expend millions a year for direct relief as well as various 
social services either completely subsidizing a family or supplementing 
an inadequate relief allowance. 

As of January 1, 1938, there were 186,998 relief cases representing 
552,027 individuals. The corresponding figures for January 1, 1939 
were respectively 173,309 and 487,940. The total expenditures for 
relief (exclusive of administration) for 1938 were $87,716,000. 


7,492 ,000 
1,689,000 
1,494,000 
2,793,000 
1,340,000 
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As of January 1, 1938, there were 129,871 persons employed on WPA 
projects in the City. This number increased to 167,742 as of December 
1938 and on March 15, 1939, there were 151,743 so employed. 

The extensive relief services and funds available to individuals and 
families in New York City are staggering in their totals but divided 
by individuals do not offer a level of economic existence deemed adequate 
by our generally accepted standards of living. It is an accomplishment, 
however, to say that none need go hungry and shelter is provided for all. 
Whatever we may say as to the adequacy of these methods, they have 
undoubtedly played a very vital part in the maintenance of a degree of 
health sufficient to prevent the progression of tuberculosis in many. 
Since the beginning of the depression New York City has shown a decline 
in its tuberculosis deaths each year over the previous years excepting 
1936 when there was a rise of 220. In 1937, the reduction was 321 
deaths under 1936 and in 1938 there were 431 fewer deaths than in 1937 
and 752 than in 1936. 


SUMMARY 


The problem of tuberculosis in New York City has shown the same 
tendency to decline over the years as has been the experience elsewhere. 
It presents, also, the same age, sex, racial, and economic variants as 
seen in the country at large. 

The size of the city and its cosmopolitan population presents certain 
problems not faced in any other community in this country. This is 
closely related to the economic problems inherent in a vast urban popu- 
lation, forcing thousands to live on a bare subsistence level in highly 
congested quarters, all of which tends to reduce resistance to disease 
and offers greater opportunities for the implantation of tuberculous in- 
fection and the subsequent development of the disease. 

Tuberculosis is a disease closely related to specific areas, ages, races 
and must be approached with these problems in mind. Its ultimate 
control will depend upon the eradication of environmental hazards as 
well as the discovery and isolation of the carrier. It is fair to conclude 
that the colored population of the City, which presents the major prob- 
lem, is also in numerous instances, the source of continued spread to 
those in good economic circumstances who employ them in domestic 
service. 
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FUNDAMENTALS OF TUBERCULOSIS CONTROL 


There are three basic factors to be considered in the control of tuber- 
culosis which may be briefly set forth as follows: 


(a) Case-finding 
(b) Case isolation and supervision 
(c) After care and rehabilitation 


Before proceeding directly to a discussion of the above fundamentals 
it is well to consider first some facts regarding the disease, tuberculosis, 
that must determine the procedures developed in the control program. 

Primarily tuberculosis is an infectious disease with a tendency to run 
a chronic course over many months or years. Thus the case now existent 
and those yet to develop are the result of contact and exposure to an 
open case at some time during their life. These facts were first estab- 
lished by Villemin in 1855 on the basis of his observations but they 
were not finally accepted by the medical profession generally until 1882, 
when Robert Koch discovered the tubercle bacillus and carried out his 
famous postulates. 

Tuberculosis as a disease may be traced to 2500 B.C. and from that time 
on it has continued to be a problem, and the seriousness of the problem 
of tuberculosis has apparently not become common knowledge even at 
the present time. Hall (1) compares this disease with leprosy, stating 
that on very slim but inspired evidence the ancient world came to believe 
in the infectiousness of the latter disease, and acted, frequently heart- 
lessly and ruthlessly, on that belief with the result that leprosy does 
not, and cannot again occur as an important disease in civilized com- 
munities. It is becoming more and more evident that as tuberculosis 
continues to decrease, in dealing with it we shall assume more and more 
of the age-old attitude toward leprosy. In many cities today legislation 
exists for the forcible detention of the recalcitrant case, and the use of 
such measures is on the increase. 

New York City has the distinction of being the first city in this country 
to develop a municipal program for the control of tuberculosis. Our 
program was started as early as 1884 through the efforts of Hermann M. 
Biggs who first offered and developed sound and practical procedures 
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in the administration of a tuberculosis program. Many of Doctor 
Biggs’ methods have survived the test of time and are the fundamentals 
of the programs followed in most other communities, here and abroad, 
as Winslow (2) has stated. The control of tuberculosis, however, is an 
evolutionary process that must be developed in the light of changing 
conditions and as the use of newer and more accurate facilities for the 
diagnosis and care of the case become available. Thus here in New 
York City where the death rate has been steadily declining, we feel the 
need of developing newer and more exact methods in the detection and 
supervision of the individual case. 

The fundamental basis of our program is predicated on the infectious- 
ness of the disease. Research and observation here as elsewhere have 
failed to give us proof of specific and lasting immunity in tuberculosis. 
On the other hand it has been shown that a first infection with tuber- 
culosis is as a rule a benign process, but that subsequent reinfection may 
and frequently does in many instances produce a more serious, if not, 
fatal disease. Therefore, it is our concept of the problem that infection 
with the tubercle bacillus is a dangerous experience to be avoided at 
any time during the life span. We are well aware of the numerous argu- 
ments both pro and con in this matter, and as suggestive as some may 
seem supporting the idea of even a relative or transitory immunity there 
is insufficient proof of its dependability to place any lasting confidence 
in it. Furthermore, in a city with approximately 5,000 deaths a year, 
many of the cases having been undiagnosed until beyond the minimal 
stage; there have been untold opportunities for a continuous spread of 
infection. Our problem then must be concerned with the known cases 
and the unpredictable opportunities for spread of infection in the com- 
munity and the serious consequences that may follow. 

In more recent years with our mass surveys of apparently healthy 
adults we have detected a large number of early infiltrates in a pre- 
symptomatic stage and have had exceptional opportunities in their 
supervision and treatment. We are in accord with Amberson (3) and 
others, both as to the desirability of early detection, and the more last- 
ing results obtained in the treatment of the early case. 

Another factor that is of the greatest concern to us is the relative 
cost and yield of any given procedure. The marked reduction in the 
incidence of the disease and the deaths therefrom over the past decades 
demand more specific techniques than heretofore which above all must 
be of a practical nature. 
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Thus though theoretically it may be desirable to tuberculin test 
or X-ray the entire population at periodic intervals to detect and control 
the disease, the cost would be prohibitive; and from day-by-day observa- 
tion we know that tuberculosis is a disease most prevalent among specified 
groups of the population and is a disease prevalent in specified areas 
within a given community. These latter facts should afford a more 
direct approach at a cost more nearly within the reach of most 
communities. 


CASE-FINDING 


In the national campaign against tuberculosis from the time of its 
organization in 1905 case-finding has been a foremost aim. However, 
for years the chief emphasis has been placed on symptoms characteristic 
of the disease, with the result that the great majority of new cases have 
been found in a moderately to far advanced stage of the disease. It is 
generally conceded today that if we wait for the patient to seek medical 
advice, we have waited too long, as the morbid process is usually well 
established and the chances of cure are far less favorable, if in fact they 
even exist. Furthermore, and this is of the greatest importance, patients 
discovered in an advanced stage of the disease have been responsible 
for a continuous spread of disease in their families, and to their social 
or occupational companions for months oryears. Thus a vicious cycle 
is responsible in large part for the continued new crop of cases discovered 
because of symptoms, or at the time of death. There can be no eradica- 
tion of tuberculosis without knowledge and control of the open infec- 
tious case. 

The size and many complexities involved in an urban community, 
such as New York City make it different in many respects from a great 
majority of other communities throughout the country. However, 
the salient characteristics of tuberculosis are no different here than 
elsewhere. It is a disease predominant among those in the lower income 
brackets, the unskilled trades, those in congested housing areas, and in 
selected racial groupings. In the latter instance the colored races lead 
by far the whites and show significant differences by age and sex. 


CONTACT EXAMINATION 


The examination of the exposed contacts to tuberculosis should logically 
reveal more new tuberculosis than the examination of any other group, 
and experience everywhere confirms this, if the source case has been 
known to have bacilli in the sputum. 
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Contact examination has for years been a prime requisite in practically 
every tuberculosis program. As a matter of fact this general concept 
here as well as elsewhere has tended to veer to the theoretical ideal of 
continued supervision of all ages and to source cases of doubtful signifi- 
cance as well as the known open case. 

Opie and McPhedran (4, 5, 6, 7) have shown clearly by their intensive 
studies at the Henry Phipps Institute that the attack rate of tuberculous 
disease is by far greater in those contacts exposed to a known open case 
than those to cases with negative sputa and apparently healed lesions. 
Similar results have been reported by Downes on studies of the material 
in Cattaraugus County (8) and the Mulberry Health Center (9) and 
Cox in England (10). Edwards (11) has shown that the cost in finding 
cases bears a direct proportion to the seriousness of the source case. 
There is apparently no sound reason why many tuberculosis organizations 
utilize a substantial amount of their services in the continuous supervision 
of contacts exposed to source cases of questionable importance, in the 
hope that they will discover early lesions in their incipiency. 

If an infant exposed to a source case of tuberculosis survives his third 
year, in all probability he will not develop serious tuberculosis until he 
reaches 12 to 15 years of age. It is at this latter age that increased 
watchfulness should be the rule, and in many cases should continue into 
adult life. Particularly is this true if the source case remains open and 
is periodically or continually in the home. There is a prevalent practice 
among workers in this field of continually supervising all children with 
known exposure and positive tuberculin reactions even though the source 
case may have been removed years previously. It is an ideal concept 
that tends to build up and maintain a heavy case load. Any supervision 
of preadolescents should be on the basis of individual characteristics 
and the proximity to a dangerous source of infection, rather than the 
broad classification of a positive reaction to tuberculin, or contact to an 
arrested case or a case that has been previously removed. 

The adult contact is more likely to reveal new manifest disease than 
the child. It is always well to consider other adults not in the household 
but who may be the real source of infection, i.e., non-household family 
contacts and associates in school or elsewhere. 

A much better job could be done in our contact work if we paid more 
attention to the sputa of the source case. All too frequently little or 
no care is given to the method of collecting the sputum; much less to 
the frequency of examination; and to the importance of collection at 
the time of intercurrent respiratory infection. The direct smear method 
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so commonly used has been found to be misleading in a substantial 
number of cases. This is one potent reason for the apparent relapse of 
a large number of cases showing by ordinary clinical and laboratory 
methods an apparently healing or healed lesion. The concentrate 
methods now being used should replace the direct smear techniques 
especially in hospital and clinic work. The concentrate method is not 
infallible and an appreciable number of negative cases may be found 
positive on examination of gastric washings, culture or animal inocula- 
tion. Expenditures for better laboratory work on sputa in the end repre- 
sents vast community savings in all other services for tuberculosis. 
As long as a source case expectorates bacilli, just so long is he in danger 
as well as those whom he exposes. 

In early infancy and again in adolescence, contact with a known case 
is of the greatest importance, but it is the young adult that will show the 
greatest tendency to break down. 


EXAMINATION OF THE GENERAL POPULATION 


It has been shown that tuberculosis as an infectious disease is a problem 
of adult life (12) and it therefore becomes logical that any efforts directed 
to mass action should be concerned with such groups. Our experience 
since 1933, a large part of which is reported in the following articles, 
offers adequate testimony to this statement. Our work has shown that 
if the material X-rayed is selected on the basis of our knowledge of the 
relationship of tuberculosis to poverty and substandard social groups, 
we can detect twice as much or more disease than will be expected in the 
average healthy population. Thus, in families on home relief (see page 
89) we find an average of three per cent with pulmonary tuberculosis 
of the reinfection type, and as well other lesions worthy of further super- 
vision. The most significant finding has been the high percentage of 
pulmonary lesions detected in the minimal stages. The prison (see 
page 96) and transient groups (see page 109) were notably productive 
in case-finding. It may be argued that these latter groups are of doubtful 
importance to the community, but in our experience many of these 
persons are in close contact with family groups. The majority are 
found at one time or another in our parks, on the streets, in tenement 
house areas and they may even be occasionally employed in our res- 
taurants or in other establishments that bring them in touch with count- 
less other persons. Having no knowledge of the frequency or persistence 
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of these apparently casual contacts indicates in our opinion that they 
are a constant menace to the community and therefore should be con- 
trolled. 

Children are of less importance in case-finding than adolescents and 
college groups; and yet they have a definite place in any well rounded 
program. But on the basis of the expected yield in new cases for the 
dollar spent, the position of children, adolescents and college groups is 
secondary to that of the adult. The detection of the unknown case 
must be the first consideration in the ultimate control of the disease. 


CASE SUPERVISION 


Once detected a case of tuberculosis should be registered and the 
patient consistently supervised until the problem of further contagion 
is solved. Supervision should consist in proper isolation and treatment 
until the patient is no longer considered a menace in the community. 
It is conceivable that a chronic case with a persistently positive sputum 
may remain at home and still not be a menace to those with whom he 
comes in contact, but such cases are exceedingly rare. The majority 
of tuberculous cases come from homes on a bare subsistence income 
and therefore it is not to be expected that reasonable precautions can 
be maintained. Thus, practically every open case should be hospitalized. 
The type of hospital bed will vary from those provided for acutely ill 
patients to the custodial type of institution. 

In New York City our ratio of beds to deaths is approximately 1 to 1, 
whereas the accepted standard is 2 to 1. This limitation in available 
beds is a definite handicap to our work as there is a constant waiting 
list in all hospitals, most of which are utilized to over 100 per cent of their 
rated capacity. Regardless of the shortage of beds and overcrowding 
it is felt that an intensive case-finding program is sound practice. 

The isolation of the case should be voluntary, if possible, but it will 
be found that there are a number of individuals who refuse to enter a 
hospital, who will sign out against advice, and in other ways refuse to 
abide by the sanitary precautions necessary to prevent further spread 
of the disease. This group is more dangerous to the community than 
those who do codperate. There can be only one solution for such prob- 
lems and that is forcible detention in a hospital. In New York City 
such a provision has been available for years and we are applying it in 
an increasing number of cases at this time. This provision of our Sani- 
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tary Code is viewed more as an educational than as a punitive measure. 
Once the patient demonstrates a willingness to codperate, he is no longer 
forcibly detained and is given the privileges of the voluntary patient. 

Too much care can not be observed in recommending cases for dis- 
charge from hospital. Here the sputum examination should be em- 
phasized, concentrates and gastric washings should be done if the regular 
direct smears are negative. Pottenger (13) has shown that with the use 
of the dilution-flotation method in his institution, that “less than 5 per 
cent of those who enter with bacilli pass the flotation test successfully, 
while under treatment.” 

The registration of cases is very important and it is believed that 
every case active or nonactive should be kept on file until the patient 
dies or is permanently removed from the community. Such a file must 
be kept up to date noting change in address, medical supervision, and 
change in diagnosis or status of the case. There is a great tendency 
for the tuberculous to move from place to place and to frequently change 
their medical supervision. In view of the high relapse rate noted in 
most communities it is desirable to keep the names of arrested cases on 
the file indefinitely even though it may not be feasible or necessary to 
examine all at periodic intervals. 


AFTER CARE 


The problem of after care in tuberculosis has been almost wholly 
neglected. The emphasis has been on case-finding and treatment with 
little or no regard to the economic stability of the patient and his family 
during the time of his hospitalization and particularly after discharge. 
Primarily the trouble lies in the fact that we do not discover the case 
early enough to be able to secure the best results in a minimum of time. 
A long period of hospital care is then necessary and either the patient 
becomes discouraged and leaves, or else the pressure of the waiting 
list causes the medical staff to recommend for discharge many cases 
who are not yet stabilized, or who may still have positive sputa, if care 
is exercised in their examination. Undoubtedly the high relapse rate 
reported by most hospitals and sanatoria may be traced in part to this 
chain of events, 

On the other hand it is obvious that a large percentage of the families 
with a tuberculosis problem are forced to subsist on a living standard 
barely suitable for a similar group without the handicap of tuberculosis. 
The average relief allowance does not permit adequate housing either 
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in rooms or location in the community. The food and maintenance 
allowance frequently provide only the minimum for an apparently 
healthy family. The psychological effects on the patient and family 
present problems of the most perplexing sort. Combined, these various 
handicaps, time and again, destroy the gains that have been made at 
considerable expense. A relapse means a further lowering of standards 
and morale and of course a further drain on community resources. If 
for no other reason than the saving to the public treasury we should 
spend considerably more to maintain the investment in the hospital 
care of the patient. The first step then in the rehabilitation of the 
patient is the economic security of the family unit during the period when 
tuberculosis is active and for a sufficient time thereafter until he is able 
to return to economic independence. 

Rehabilitation is also a problem of the retraining of the patient to 
assume his place in industry. There have been many schemes developed 
both here and abroad and for the most part they have been expensive 
and limited in their scope. Considering the age period of young adult 
life when tuberculosis usually strikes as well as the fact that the disease 
is more prevalent among the unskilled, it is unreasonable to expect 
that all healed cases can be placed in industry again. Furthermore, 
experience over the years has shown that relapses are far too frequent 
to give industry any assurance that the reemployment of an apparently 
healed case will not later become an economic burden. Industry today 
is loath to accept an employee unable to assume the full burden of his 
position, because there are available thousands more able-bodied ap- 
plicants than available jobs. 'Workmen’s Compensation has now become 
an established fact and an ever increasing number of employees are 
being awarded compensation on the basis of tuberculosis. Thus the 
premium paid by industry is sure to be affected by the type of risks 
taken. It seems reasonable to expect that the tuberculous in the future 
will have fewer opportunities to be placed in gainful occupations unless 
we do more to detect the case earlier when there is greater chance of a 
permanent cure, thereby lessening the risk to industry. 

There are undoubtedly many cases in industry today—and with our 
present success in finding the early case of tuberculosis there will be 
more in the future—who can be satisfactorily readjusted to gainful 
occupations. The formulation of methods of satisfactory rehabilitation 
is a virgin field and must absorb far more of our attention than it has 
in the past. 
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CONCLUSIONS 


Tuberculosis is a communicable disease running a chronic course. 
Its control rests on the prevention of further spread to others. Thus the 
main factors in control must be developed on the basis of detection in 
an early stage, isolation to prevent further spread, and the subsequent 
protection of the treated case to prevent relapse, as well as the medical 
and economic protection of the exposed individual who is most likely to 
succumb to the disease. 

The development of the procedures to attain these goals should take 
into consideration the known facts regarding the prevalence of the 
disease in specific age, sex, and racial groups, and the geographic char- 
acteristics within the community. The investment involved should be 
definitely related to the expected yield in new cases discovered. 

If intelligently directed present-day methods of case-finding and 
treatment are adequate for the complete eradication of the disease. In 
fact case-finding and supervision will in the ultimate analysis solve the 
present perplexing problem of rehabilitation, but in the meantime much 
more attention must be directed to the economic security of the patient 
and his family and the retraining for useful occupation of those cases 
suitable for such effort. 
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MASS SURVEY METHODS FOR CASE-FINDING! 


The methods used in mass surveys of the apparently healthy popula- 
tion in New York City have utilized the tuberculin test, fluoroscope and 
roentgenography. ‘The purpose of this discussion is to point out the 
basic consideration of these procedures and their application to the 
survey work that is being done in this city. 

Prior to 1933, tuberculosis surveys in New York City dealt with groups 
of children or with adolescent groups using the tuberculin test as a pre- 
liminary screen and X-raying the positive reactors. In 1933, the Depart- 
ment of Health realized the importance of surveying adult groups and the 
results have been so gratifying that the methods used then have been 
continued, improved and expanded. The X-ray is the method of choice. 

The first consideration in any method must be concerned with its 
reliability as a diagnostic medium. It should possess facilities for rapid 
action and the unit cost per examination should be low. The machine 
should be easily transportable and adjustable to the average sources of 
current supply. Lastly, the method used should provide a permanent 
record of the examination so that more than one observer can pass 
judgment on it, and also so that periodic reviews or comparisons with 
subsequent examinations are possible. These permanent records have 
been of the greatest significance in our experience where the same indi- 
vidual may be included in more than one survey over a period of time. 
In some instances, a new lesion has been noted in the subsequent film, 
or a progression in a previous lesion that had been considered as inactive. 


TUBERCULIN TEST 


The tuberculin test in survey work has been used primarily to detect 
the incidence of tuberculous infection in a given area or section of the 
population. Secondly, it is used as a method of reducing X-ray costs 
by eliminating those individuals not infected and, therefore, presumably 
not diseased. Thus, it has been of the greatest importance in dealing 
with grade school populations where the incidence of infection is low. 


1 This section was prepared with the assistance of David E. Ehrlich, supervising radi- 
ologist. 
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The experience in New York City has indicated that it is useless to 
select a population for X-ray survey with the tuberculin test if the 
incidence of infection is 50. per cent or more. 

The Bureau of Laboratories of the Department of Health has, for 
many years, produced its own Old Tuberculin (OT) which has been 
constant in potency and thereby satisfactory in our work. Recently, 
we have made some comparisons with an intermediate dilution of Puri- 
fied Protein Derivative (PPD), the patch test, and the Department’s 
standard OT, reported in another article. (See page 52.) In brief, 0.1 mg. 
of the Department’s OT was comparable to the intermediate dilution of 
PPD and in both the correlation with the patch test was similar to that 
of standard OT and the Pirquet method. We have noted in New York 
City as has Hetherington (1) in Philadelphia, that the objections to the 
tuberculin test are apparently becoming fewer as our educational and 
case-finding efforts progress. 

In the high school surveys, each individual was X-rayed regardless of 
tuberculin reaction and it was significant that in less than one per cent 
a tuberculous lesion of any sort was found that was not accompanied by a 
reaction to tuberculin. This experience is not in conformity with recent 
reports by Gass et al. (2), McKneely (3), and Lumdsen (4) in which they 
have pointed out a disparity between X-ray evidence of tuberculous 
pathology and skin sensitivity, as well as differences in the response 
to certain types of OT and PPD. In view of our experience, we see 
no justification in discarding the tuberculin test as a case-finding method 
until further and more convincing proof of the above conclusions is 
presented. 


FLUOROSCOPY 


The advantages of the fluoroscope are its low initial cost and cheap 
upkeep. In our opinion, these advantages are outweighed by several 
disadvantages. Primarily, the diagnostic facilities are hampered princi- 
pally by the human element. The fluoroscopic interpretation represents 
the impression of a single individual that cannot be reviewed by others, 
and it does not leave a permanent record that can be compared serially 
with subsequent examinations. 

The fluoroscopic method has been used with a degree of success by 
several workers. Fellows (5) of the Metropolitan Life Insurance Com- 
pany has used this method extensively in the routine examination of 
Home Office employees. In 2603 such examinations checked by the 
X-ray film, he reported an error of 13 per cent. 
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Francisco (6) in the Philippine Islands has used the fluoroscope on a 
mass survey basis among 146,571 persons between 1933 and 1936. Of 
this total, 14,334 were government employees among whom he detected 
653 or 4.6 per cent with pulmonary tuberculosis of the adult type. He 
reported the following percentages of pulmonary tuberculosis in the 
three remaining groups studied: of 125,640 students examined, 1027 or 
0.8 per cent; of 6,171 teachers, 285 or 4.6 per cent; and of 426 janitors, 
39 or 9.2 per cent. 

Thus, of the total persons X-rayed, 2004 or 1.4 per cent were diagnosed 
as pulmonary tuberculosis. It is of interest to note that of the total 
diagnosed 1,588 or 79.2 per cent were classified as minimal lesions. This 
author does not indicate the number rechecked with X-ray films so that 
the results are not comparable with those of Fellows. In a personal 
communication from Francisco, he stated that the X-ray films were used 
to recheck doubtful cases, and that childhood type forms were not con- 
sidered in their diagnoses. 

While the fluoroscope has been used widely abroad where, for economic 
reasons, the X-ray film is not easily available, it is not generally conceded 
to be as satisfactory as the film. The fluoroscope is used to a con- 
siderable extent in our routine clinic work for interim examinations and 
special studies on a given case. However, in the mass surveys we 
have found the X-ray film to be more satisfactory regardless of the extra 
cost involved. 

In the study of 5,158 students of the University of Minnesota during 
the period 1931-1935 inclusive, Harold S. Diehl, Charles E. Shepard and 
Ruth E. Boynton (7) reached the conclusions that the two obvious ad- 
vantages of the fluoroscopic examination over the roentgenographic 
examination of the chest are the time element and the cost saving. 


X-RAY FILMS 


There is general agreement today that the X-ray film is the most ac- 
ceptable diagnostic facility for the detection of early or minimal lesions. 
The widespread use of the X-ray film has been limited primarily because 
of the cost involved and, secondly, because of the limitation in trans- 
portability of the machine and the amount of work that can be done in a 
given period of time. There is one very important consideration in 
X-ray work, that is, assuming that the quality of film is acceptable, 
the unit must be easily movable. It must be brought within convenient 
access of the population to be served or serious difficulties are sure to 
follow. Thus the stationary unit is limited to a given location. It 
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also has further limitations in that the speed of operation at best is 
restricted, requiring considerable accessory equipment such as cassettes 
and a corps of technicians, so that in a day, the technical work would in 
the end be uneconomical. 

The portable X-ray unit is a low priced mechanism that is easily trans- 
ported from point to point. Its capacity is inadequate to secure the 
quality of film we desire, and it requires the same accessories as a station- 
ary unit. Furthermore, it is limited in its capacity for large scale 
service. 

Since 1933, the Department of Health has utilized the Powers Rapid 
Paper X-ray method because it has been the only device incorporating 
the factors of accurate diagnosis, portability, speed, and ease in sub- 
sequent handling of films. There has been a certain amount of objection 
offered against paper X-ray films by the radiologist and clinician, 
chiefly from those who have never used the method or who are acquainted 
with the paper film of several years ago. A similar objection was of- 
fered about twenty years ago when the celluloid film replaced the old 
glass plate. 

At the first inception of the Rapid Paper method in 1932, the Depart- 
ment made a comparison of paper and celluloid which was reported by 
Amberson ef al. (8). These observers concluded that, ‘‘Paper film used 
by us does not produce chest roentgenograms of quite the same clearness 
as do celluloid films. The difference, however, is not sufficiently great 
to impair the value of film for diagnostic purposes.”’ 

Rhinehart (9) reported in 1934 that, ‘The interpretation of paper 
images presents some differences from that of film. It must be learned, 
or at least confidence in the results of interpretation must be developed.” 
He suggested several uses for the paper film that indicated at least our 
acceptance of the idea though he, personally, preferred celluloid. It is 
well to point out that in both of the above reports, observations were made 
on the the then existent paper film. There has been, since that time, a 
vast improvement in emulsions used so that a similar comparison today 
would undoubtedly elicit a response similar to that of Myers (10) and 
our own opinion, which is entirely favorable. 

In 1937, we made further comparison with paper and celluloid on iden- 
tical chests and concluded that the two media were for all practical pur- 
poses equal. Obviously, there were differences but they could all be 
accounted for by the slight changes in positioning of the patient, angula- 
tion of the tube, or the degree of inflation of the lung at the time of the 
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exposure. In other words, in those cases where a question was raised 
on paper, the same question remained on celluloid and demanded further 
clinical study before a definite conclusion as to its significance, could be 
reached. 

The cut sheets of paper have been extensively used in our regular 
clinic work and in some surveys where small numbers were examined at a 
time over a period of weeks. The same satisfactory diagnostic results 
have been obtained and at a considerable saving in our budget as paper 
is available at one half the cost of celluloid in the 14 x 17” size. 

Other distinctive advantages in the roll paper method are the ease in 
handling the material in continuous rolls not requiring the constant 
shifting necessary in cut sheets. Actual experience has demonstrated 
that the paper film can absorb a wider variation in kilovoltage than 
celluloid. This is a factor of great consideration in survey work where 
there may be fluctuation in the line current, and there are always possi- 
bilities in times variations. There is less eye strain in reading, per- 
mitting a greater unit volume of work in a stated period. The keeping 
qualities of the paper film have been observed over a period of seven 
years and are considered satisfactory. 

This paper X-ray method has been used fairly extensively by others 
within the past six years. It is reported that approximately 300,000 
examinations have been made of which this Department has used over 
160,000 in the roll and 36,000 in cut sheets. The majority of the work 
outside New York City has been among school and college groups, 
chiefly along the Atlantic Seaboard from New Hampshire to Florida and 
in Cuba. A questionnaire was mailed to over fifty agencies using this 
method and the replies indicated that it had been adequate. In many 
instances, this method had been repeated year after year and continuing 
programs were planned for the future. 


CONCLUSIONS 


The X-ray film has been selected as the method of choice in the mass 
surveys in New York City since 1932 because our efforts have been 
directed toward adults where the incidence of disease and mortality is 
high. 

The Powers Rapid Paper method has been used because it provides an 
adequate diagnostic medium at a cost lower than other methods. It 
offers speed, accuracy and facilities in handling that are superior to any 
other method available today. 
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PROCEDURES USED IN SURVEYS BY THE CITY OF NEW 
YORK DEPARTMENT OF HEALTH 


The extensive nature of X-ray surveys in New York City has required 
some uniformity of procedure so that our results would be comparable. 
While there have been changes from time to time, the basic techniques 
have remained constant. 

The fundamental purpose underlying these surveys has been to ac- 
cumulate evidence of the prevalence of tuberculosis morbidity among 
the various social, economic, racial, and age divisions of our population. 
Once this information is available, it will be possible to formulate a city- 
wide program, placing the emphasis in a direct ratio to the problem 
presented and within our budgetary allowance. Where other agencies 
may be involved that could be expected to assume some of the responsi- 
bility, an effort has been made to secure such coédperation. For ex- 
ample, in the Riker’s Island Survey, when the Department of Health 
report of findings was submitted to the Department of Correction, 
among the recommendations there outlined was one that its staff be 
augmented, and that the budget continue to provide a routine X-ray 
film of all new admissions. The study of the teacher applicant group 
has resulted in a permanent program for the Department of Education. 

The tuberculosis survey program in New York City has been possible 
through the assistance of Federal participation. Throughout its course 
the organization, policy and planning has been under the direct super- 
vision of the Bureau of Tuberculosis of the Department of Health. In 
the beginning the participants were the State Temporary Emergency 
Relief Administration, the Association for Improving the Condition of 
the Poor, Columbia University through its Home Study Department. 
Then followed the Civil Works Administration (CWA), and when the 
Works Progress Administration (WPA) was set up in Washington, the 
project was organized under its regulations. 

The same regulations apply here as elsewhere in WPA projects, the 
WPA providing primarily personnel of which not over 5 per cent could 
be on a nonrelief basis. The funds available for materials for project 
operation have for some time come from a lump sum grant to WPA by 
New York City for all projects. 
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The essential need of this project has been well qualified physicians. 
Previously such were obtainable through WPA funds. However, the 
Department of Health has gradually assumed this entire responsibility 
by the assignment of Civil Service personnel. 

The remaining personnel is made up of WPA clerical and statistical 
workers with a few others such as nurses, X-ray technicians, efc. 
Throughout the program we have received close codperation from the 
WPA authorities in securing only the best type of personnel, or when 
unqualified personnel has been assigned, transfers have been effected 
with reasonable promptness. A program of this nature demands well 
trained personnel and team play if the work is to be done with satis- 
faction. 

The statistical service has been a vital part of the program because 
administration of the program depends upon the completeness with 
which statistical data are analyzed. The present staff, however, was not 
organized until 1938. At that time we were fortunate in receiving a 
grant from outside sources enabling us to employ a qualified statistician 
to organize the WPA statistical personnel, and to set up a simple schedule 
of pertinent data to be collected and analyzed for all surveys. This 
service was available for six months, during which period the funda- 
mentals were established, and a WPA statistical clerk trained to continue 
the work. The staff at present is able only to tabulate the routine 
material, and occasionally do some special analyses or comparisons of 
data of special interest. In such matters we have also been fortunate in 
having the counsel and advice of Miss Jessamine S. Whitney of the 
National Tuberculosis Association and Miss Jean Downes of the Milbank 
Memorial Fund. 

All of our surveys have been made without cost to the population 
studied. Our findings thus far clearly indicate that the results ob- 
tained are a legitimate charge against public funds in the welfare of the 
public. Also the groups X-rayed have been drawn from the lower 
income levels that could not have been expected to pay any part of the 
cost. One serious objection to the evaluation of studies where a fee 
is charged is that a highly biased result is obtained which does not ac- 
curately reflect the broader implications of the community problem. 


METHODS OF SECURING CASES 


Several methods of securing the codperation of the population to be 
studied have been utilized and are worthy of some comment. 
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Mandatory Examinations: In only a few of our groups has there been 
mandatory action. They are as follows: 


1: Preémployment applicants. 
2: Riker’s Island and House of Detention inmates. 
3: National Youth Administration enrollees. 


Voluntary Coéperation: The major part of this service has been on a 
voluntary basis, the response obtained reflecting definitely the oppor- 
tunities for local organization of a given population. 

Relief population: In the early stages of this work in 1933, when city- 
wide relief was being organized, the invitation, either by a postal card 
signed by the Commissioner of Health, or an investigator calling at 
the home, was sufficient to secure a return of fifty per cent or more. 
As time has passed and the acute emergency of those days has changed, 
the response has been less. At present we are doubtless dealing with a 
population more commonly found on relief than formerly and probably 
less codperative. A staff of WPA investigators were provided with lists 
of relief recipients taken from the precinct offices of the Department of 
Welfare. The investigators made home visits attempting to induce 
anyone fifteen years or older to come for a roentgenogram. More 
recently we have endeavored to make these contacts by utilizing the 
Department of Welfare case workers in the course of their regular 
monthly visits to homes. In view of the extensive amount of tubercu- 
losis found among this population, there is no logical reason why an 
X-ray examination should not be mandatory for the protection of the 
public health, and for the economic savings possible to the City, whose 
responsibility it is to provide shelter, food and medical service for the 
indigent citizen. 

High Schools: In all of our high school surveys the burden of secur- 
ing the codperation of the student body has rested with the school 
faculty and this has proven eminently satisfactory for all concerned. 
In some instances lectures to students have been given in assembly, but 
more frequently it has been a job for the health education authorities 
in the school, and the home room teachers. The Department of Health 
has provided a representative to discuss the problem and proposed pro- 
cedures with the faculty, but has left to the teaching staff the actual 
selling of the idea of the survey to the student body. It has also been 
a policy to consider only those schools in which approximately 90 per 
cent of the pupils will request the tuberculin test. 
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THE MEDICAL WORK 


For the administration of tuberculin, a selected staff of physicians and 
nurses are detailed to the school by the Health Department. For the 
most part the Department’s own standardized tuberculin is used, which 
is of high potency. The criteria of interpretation have been uniform 
throughout and compare with standards generally used. 

For the interpretation of roentgenograms a staff of three physicians 
have been detailed, one of them qualified in cardiac diagnosis. This 
staff is assisted and augmented by one or more of the supervisory staff 
of the Bureau of Tuberculosis to check the classification of lesions or to 
consult on difficult problems. Thus each X-ray film is reviewed by at 
least three trained physicians so that practically nothing of any signifi- 
cance is missed. It has been found that a code system representing 
lesions or abnormalities will greatly facilitate this work. The X-ray 
code given indicates the system and as well the completeness with which 
each X-ray film is studied. The physicians assigned to this work are 
well qualified in roentgen interpretation and the extensive service 
rendered in our surveys has given them an opportunity, far beyond 
that of most roentgenologists in chest work, to see an unusual collection 
of material. They also have the opportunity of studying subsequent 
X-ray pictures and clinical data in selected cases, which tends to give 
sounder judgment in the original interpretation. 

A fundamental policy in all of our work has been to follow through the 
suspicious or definite pulmonary lesions or cardiac abnormalities to a 
final conclusion. If a patient is diagnosed as having tuberculosis, all 
family contacts are called in for examination and such supervision is 
provided as may be indicated. In some instances the case discovered 
may be under the care of a physician. If so, a report of all findings and 
recommendations, if indicated, are mailed to the physician for further 
supervision of the patient and contacts if they exist. If the patient is 
without private medical care he is referred to the clinic of the district 
in which he resides. When immediate hospitalization is. required steps 
are taken at once to place the patient, or if a school child is found with 
an active lesion, he is excluded from the school by authority of the Sani- 
tary Code of the Department of Health. Those patients with cardiac 
lesions in need of supervision are referred to their physicians, or to one 
of the cardiac clinics operated in the City. 

There is no stated period of supervision in the survey clinic for these 
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patients, as the amount of supervision is determined on the facts pre- 
sented in each case. However, as soon as a reliable diagnosis can be 
made the patients are referred to their own physicians or the district 
clinic. The attitude of the private physician has been decidedly cor- 
dial and in many instances he prefers to have the Department continue 
the supervision, if necessary. This is encouraged because it affords a 
valuable opportunity to our staff for studying the ultimate behavior of 
the lesion. In the preémployment group from the Department of 
Health all interesting cases will be supervised indefinitely. In appli- 
cants for the Fire Department, supervision is continued to the point of 
recommending them for acceptance to the Civil Service Commission, for 
which in doubtful or questionable cases a year or more may be required. 

In the Meinhard and Central Harlem surveys a new follow-up clinic 
service was established, and at its conclusion the clinic was continued 
as a regular district clinic service for that area. In Central Harlem the 
survey feature was operated from December, 1936 to December 31, 
1938, at which time it was discontinued as a special project. However, 
since that time there have been from 50 to 100 new persons a day com- 
ing to the clinic voluntarily for X-ray examination. 

It soon became obvious that in a continuous large scale survey program 
there would be duplicate roentgenograms on certain individuals that 
might be picked up in surveys of different population groups. Accord- 
ingly, a central register has been established with an alphabetical refer- 
ence file, set up on the Soundex principal, carrying a card for each 
case X-rayed. All new cases are first checked against this file before 
the new roll of film is read. Where duplicates occur the former films 
are brought out and made available at the time of interpretation. 
In an occasional instance the same case may have been X-rayed one or 
more times during the past few years and there may be two or three 
films for a case. A comparison of some of these series has shown that 
new lesions have developed, or changes have occurred in previously 
recorded lesions. The amount of duplication is not large, but it is of 
the greatest importance to know that it exists. Space will not permit 
a detailed discussion of the numerous other techniques developed to 
facilitate this work in its various phases. 


DIAGNOSTIC CRITERIA 


The basic scheme of classification of disease has been the Diagnostic 
Standards of the National Tuberculosis Association. It will be ob- 
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served in our reports that the terms active and clinically significant are 
used more or less interchangeably and at this point it is desirable to 
clearly differentiate their meaning. 

From a purely epidemiological standpoint it is important to classify 
every lesion observed regardless of its possible stage of activity or arrest. 
This is amply provided for in our code system; however it is most im- 
portant to differentiate, if possible, pulmonary lesions of definite or 
questionable activity from those that give every appearance of arrest or 
complete healing. Not only must consideration be given to their 
present apparent status but as well to the possibility of stability in the 
immediate future. 

The well defined lesions as a rule present no great problems. We have 
detected advanced lesions with excavations and positive sputa in cases 
giving no history of exposure or previous symptoms suggestive of such 
a condition; they are, however, rare. On the other hand with approxi- 
mately 75 per cent of all lesions within the limits of a minimal involve- 
ment, we are confronted with the greatest difficulty in proper classifi- 
cation. Especially is this true if a decision is desired at the time of, or 
within a reasonable period after the survey. 

Following the reading of the original roentgenograms in rolls, all those 
with significant lesions are cut from the roll. An appointment is then 
made with each patient involved for further study. The subsequent 
examination includes a history, a physical examination, fluoroscopy and 
celluloid films in positions as indicated. A sputum examination by the 
concentration method is routine if a specimen can be obtained. Lipi- 
odol may be used when indicated. In many adults with atypical X-ray 
lesions, the tuberculin test may be used. In other words every effort 
consistent with an ambulatory regimen is used in the survey follow-up 
clinic to arrive at a definite diagnosis. If hospitalization or other spe- 
cialized diagnostic procedure is indicated, an effort is made to refer the 
case to the proper place for such service. 

In many instances the follow-up examination will clarify or definitely 
decide the diagnosis. Frequently the minimal lesions seen have no 
physical findings, sputum or history that will reveal their clinical ac- 
tivity. In such instances our conclusion, therefore, must be based 
entirely on the appearance of the shadows in the radiograph. Thus, we 
have classified as active or clinically significant those infiltrates that 
appear to be pneumonic in type and of a soft nature, and also those 
that appear to be of a nodular or productive character. These lesions 
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may be entirely of this type or they may be associated with others, 
giving every radiological evidence of healing, such as fibrosis or calcifi- 
cation. 

Thus far we are unable to prognosticate their future behavior, for 
we have seen some clear rather promptly similar to the atypical pneumo- 
nias; others spread rather promptly producing a typical pulmonary 
tuberculosis with positive sputum, and the associated clinical picture, 
and others have remained stable over a period of several months and 
still fail to give the characteristic shadows of fibrosis or calcification of 
a healed lesion. It has been possible to secure hospitalization for some 
and in a greater number routine clinic supervision. While definite 
data have not been compiled on the ultimate outcome according to 
the type of supervision, it is our present opinion that there has been 
little difference. This, of course, does not include cases with reasonably 
clear-cut radiographic lesions and a variable degree of clinical evidence 
pointing to possible or definite activity. 

The definition, therefore, for active or clinically significant as reported 
in this series includes all lesions of obvious activity, as well as those 
minimal infiltrates presenting a rather soft or nodular shadow indica- 
tive of a flocculent infiltrative process. They are usually found in the 
upper third of the pulmonic field and are frequently not associated with 
any previous history or symptomatology suggestive of clinically active 
tuberculosis. It would be desirable also to consider those indicating 
arrest on first examination as of clinical significance, because it is only 
after a period of supervision that the stability of the lesion can be de- 
termined. In all such lesions an attempt is made to reéxamine these 
cases by radiograph at three to six months’ intervals until we can be 
satisfied that there is no change in the lesions. 

The classification of pulmonary tuberculosis as reported in this series 
is on the basis of at least one follow-up examination after the original 
survey roentgenograph. 

A series of fairly typical cases drawn from our material will illustrate 
the aforementioned problems and our method of classification as re- 
ported herewith. 


Case 1: R. B., white, male, 21 years, clerk. He was X-rayed with a group of 
City employees following a demonstration in connection with the early diag- 
nosis campaign in April, 1939. The roentgenogram is shown in fig. 1 and 
indicates a far-advanced pulmonary tuberculosis with cavitation. There 
were bacilli in the sputum. Subsequent history and examination indicated 
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that there was no known family history or other contact with tuberculosis. 
No cough, chest pains or fever. No history of pneumonia, pleurisy, infiuenza 
or diseases of childhood. He was actively engaged in athletics (baseball) 
without any undue fatigue. His weight was 134} lbs., his height 5 ft. 
6? in., indicating a loss of two and one-half pounds, during the preceding two 
months. Temperature, pulse and respiratory rate were within normal limits. 
Patient was admitted to a hospital and is receiving pneumotborax treatment. 
His course is at present, uneventful and satisfactory. . 


Case 2: J. D., Puerto Rican, male, 18 years, student. Radiographed during 
survey of Benjamin Franklin High School, May 24, 1937. Survey roentgeno- 
gram fig. 2-A was classified as negative. He was reéxamined January 14, 
1938 in the follow-up study of graduating classes of the High School. Fig. 2-B, 
his roentgenogram in January 1938, shows infiltration in the right apex and 
first interspace with questionable excavation. He had an appendectomy in 
1935 and a tonsillectomy in 1928. He was exposed to his father, a diagnosed 
case of pulmonary tuberculosis. He complains of easy fatigue. Tempera- 
ture 99.6, pulse 102, respiratory rate 24. Weight 130 lbs., height 5 ft. 8? 
in., while his weight was 126 lbs. one year ago. Dulness with few moist rAles 
was found in the right apex. Diagnosis: pulmonary tuberculosis 1A. Recom- 
mended for hospitalization. 

He was admitted to a sanatorium March 5, 1938 and discharged September 25, 
1938 as arrested. While in the sanatorium he gained 11 lbs., temperature, 
pulse and respiratory rate were within normal range. Eight sputa and two 
gastric washings were negative. 

On readmission to our clinic, September 28, 1938, he was asymptomatic. 
Fig. 2-C is his roentgenogram of the same date, showing resolution of the 
previous infiltrate with residual fibrosis, indicating an arrested lesion. 


Case 3: A. G., white, male, 24 years, applicant for Fire Department. The 
survey roentgenogram, fig. 3-A, indicated exudative infiltration in the right 
first interspace. He gave no history of exposure to tuberculosis, nor symp- 
toms or physical findings. Concentrated sputa were negative. Weight was 
218} lbs. with a reported average weight of 180 Ibs. He was rejected as an 
applicant for the Fire Department and recommended for sanatorium care. 
This, he did not accept, but went under the care of a physician who kept him 
in bed for three months at home. He has been re-X-rayed on seven occasions. 
In December, 1938, fig. 3-B, there was obvious regression of the original lesion. 
A film in March, 1939, fig. 3-C, indicated only a few fibrotic strands. A later 
film in June, 1939, indicated stability of the lesion which was classified as 
tuberculosis I arrested and he was passed for appointment in the Fire De- 
partment. 
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Case 4: J. K., white, male, 17 years, student. He was radiographed during a 
survey of Stuyvesant High School, January 1938. Survey roentgenogram, 
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fig. 4-A, reveals a soft infiltration in the middle portion of the first interspace 
on the right. There was no history of contact. His present symptoms were 
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cough and night sweats, but the patient attended school. Temperature 98.4, 
pulse 80, respiratory rate 20. Weight 1393 lbs. His past history revealed 
measles. Diagnosis: pulmonary tuberculosis 1 A. Recommended for hos- 
pitalization. Patient then attended Bellevue Hospital Clinic where diagnosis 
and recommendation were confirmed. His family refused to hospitalize the 
patient and placed him on modified rest treatment at home. He returned 
to Bellevue Hospital Clinic six weeks later. He had gained in weight and 
was free of symptoms. Roentgenogram March 6, 1938, shown in fig. 4-B, 
reveals an increase in the shadow noted in the right second interspace with a 
1 cm. area of excavation in the central portion. His sputum was consistently 
negative. Patient then came under the care of a private physician who has 
observed him at home since that time. In September, 1938, an X-ray film 
was reported as showing disappearance of the lesion. On January 12, 1939, 
patient was diagnosed as having arrested pulmonary tuberculosis and he is 
being observed by his private physician at present. 


CopE FOR CLASSIFICATION OF LESIONS AND ABNORMALITIES 


BONES 
Ribs 


rudimentary ribs 

cervical ribs 

neoplasm 

surgical procedures (thoracotomy, re- 


anomalies (spina bifida) 
kyphosis 
scoliosis 
inflammatory changes 
neoplasm 
tuberculosis 
fracture 
Clavicle 
anomaly 
atrophy 
fracture 
Sternum 


atrophy 
dislocation 


Special features 
(bones—general) 


CARDIOVASCULAR SYSTEM 


Heart 
aneurysm 
congenital heart disease 
dextrocardia with situs inversus 
dextrocardia without situs inversus..214 
enlargement of heart (nonspecific 


pulmonary heart disease 
syphilitic heart disease 
Pericardium 
calcification 
effusion 
Aorta 
abnormal position 


dilatation (arteriosclerotic) 
aortitis (luetic) 

Other Vessels 
abnormal position 


| 
anomalies (endostoma, cyst).......110 : 
113 
115 
inflammatory changes.............118 
Spine | 
rheumatic heart disease...........216 
43, 
ise 4 
Humerus 
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dilatation (arteriosclerotic) 
dilatation (luetic) 
Secondary Pulmonary Changes 
congestion of lungs 
oedema of lungs 
fibrosis of lungs 
Special features 
(cardio-vascular system—general) . .290 increased markings (infectious). . . 
pneumoconiosis 


calcification 
abnormal position 


foreign body in lung 
lipiodol in lung 
calcification in lung (nontubercu- 


OESOPHAGUS 
dilatation or diverticulum 


abnormal position 
inflammatory changes 


suppurative 
syphilis of lung 
special features 


MEDIASTINUM 
lymph adenopathy (non-specific) . . .610 


bronchitis—chronic 
bronchitis—acute 
anomalies 

azygos lobe 

inferior accessory lobe 


apical pleuritis (cap) 
diffuse adhesive pleurisy 
pleuro-pericardio adhesions 


50 
542 
543 
550 
551 
552 
553 
554 
fiss 
390 
special features. 
pneumonia 
bronchopneumonia..............582 
stenosis or stricture...............460 ee 
special features..................49 
Luncs (other than tuberculosis) 
bronchial stenosis.................516 
substernal thyroid................630 
enlarged thymus..................631 
521 
pathology of trachea............. .640 
surgical procedures...............525 inflammatory changes........... . .680 
special 
PLEURA 
lymphanglitic. 
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diaphragmatic pleurisy (obliteration 
of costophrenic sulcus) 

localized pleurisy 

interlobar pleurisy 

calcification 


SOFT TISSUES 
Neck 
calcification 


pathology of breast 
nipple shadows 
Abdomen 
calcification 
emphysema 
foreign body 
Special features (soft tissues—general) .890 


TUBERCULOSIS 
primary healed 
I-911 II-912 ITI-913 
primary—active 
917 
reinfection—active 
I-931 II-932 III-933 


reinfection—arrested 
reinfection—suspicious (of presence of 


reinfection—apparently cured 
development of tuberculosis 
progression of tuberculosis 
regression of tuberculosis 
haematogenous tuberculosis 


bilateral pneumothorax 
hydropneumothorax 
pyopneumothorax ............. 986 
broncho-pleural fistula 

reéxpanded pneumothorax 


special features 


INCOMPLETE 
ContTACT 


Cases ordinarily classified as ‘‘observa- 
tion” in which a lesion is definitely 
present but its aetiology is in doubt 
should be classified under the respec- 
tive code number followed by a ques- 
tion mark; i.e., 

Chronic pulmonary tuberculosis (pres- 
ence of lesion questionable) 

Lesion definitely present—question of 
its aetiology as a minimal active tu- 
berculous lesion or some other condi- 
tion (bronchopneumonia 582?)....931? 
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714 

715 

720 

i 

foreign body in pleural space...... .740 OS ae 

pulmonary—chronic............943 

silico-tuberculosis.................950 

eT treatment of tuberculosis 

artificial pneumothorax......... .981 

1 

thoracoplasty..................983 

foreign body..................+. 

pathology of larynx...............843 

inflammatory changes............ .844 ...................990 

Chest Wall 

foreign body.....................852 

inflammatory changes.............854 


SURVEY OF 16,362 HIGH SCHOOL STUDENTS IN NEW 
YORK CITY! 


This paper is an analysis of the findings in 16,362 students of six high 
schools in New York City, examined in tuberculosis surveys between 
May 1937 and June 1939. The general objectives of these surveys were: 


1. To determine the prevalence of pulmonary tuberculosis. 

2. To determine the prevalence of tuberculosis infection as shown by the 
reaction to tuberculin. 

3. To study the correlation between the tuberculin test and the X-ray film in 
detecting the presence of tuberculous lesions. 


In the earlier surveys all students were X-rayed, and the majority were 
tuberculin tested as well. In more recent surveys the tuberculin reaction 
was used as the basis of selection for X-raying. In addition to the 
general objectives common to all surveys, studies were carried out in 
several schools to answer particular problems, the nature of which will 


be discussed in connection with the school concerned. 
A brief description of the schools surveyed follows: 


Wadleigh High School: The Wadleigh High School is a girl’s school whose 
enrollment is 40 per cent Negro and predominantly of low economic level. 
The school was chosen in an attempt to determine the prevalence of tubercu- 
losis in girls of this economic and racial background. Two thousand two 
hundred and sixty-five students were X-rayed in two surveys. 


Benjamin Franklin High School: The Benjamin Franklin High School is a 
boy’s school whose student body is largely of Italian extraction and poor eco- 
nomic status. It was chosen because it presented an opportunity for a hori- 
zontal survey of the entire school and the subsequent graduating classes each 
semester. The 1909 boys were X-rayed in May 1937, and since then the 
four graduating classes have been re-X-rayed, a total of 935 students. 


Seward Park High School: Seward Park High School, located on the lower 
East Side of New York, draws most of its students from the neighboring Jew- 
ish, Italian, Polish and Russian sections, which are among the poorest in the 
City. The survey was done as part of a special investigation carried out to 


1 This section prepared by Arthur B. Robins, M.D. 
52 


SURVEY OF NEW YORK HIGH SCHOOL STUDENTS 53 


determine the general health status of high school students. The enrollment 
of the school is mixed, and 2792 boys and 2441 girls were X-rayed in the 
survey. 

Stuyvesant High School: Stuyvesant High School is a boy’s school whose 
students come from all nationality groups and parts of the city, but are pre- 
dominantly of better economic level than those in most city schools. The 
school was chosen because its organization made it possible to do a duplicate 
tuberculin testing program. Forty-seven hundred seventy boys were X-rayed, 
and 705 simultaneously tested with two preparations of tuberculin in the 
course of the study. 


New York Vocational High School: This is a boy’s trade school in Harlem, 
whose students are predominantly Negro and from the poorest section of the 
City. It was felt that a survey of its students would give a picture of the 
tuberculosis problem in adolescent Negro boys comparable to that obtained 
for girls at Wadleigh High School. Seven hundred seventy-one boys were 
X-rayed. 

Haaren High School: This school was chosen because its population, composed 
largely of Negro boys and girls of low economic level, was felt to be in need of 
intensive case-finding efforts. The selection for X-raying was made on the 
basis of a positive reaction to tuberculin. One thousand four hundred four- 
teen students were tuberculin tested and 847 X-rayed. 


In the six schools surveyed, 16,362 individuals were examined, either 
by X-ray, or by tuberculin test selection in which only the positive 
reactors to 0.1 mg. or 1.0 mg. of Old Tuberculin were X-rayed. The 
distribution of the group by age, sex, and race is shown in table 1. 

The prevalence of chronic pulmonary tuberculosis, both active and 
arrested, by race and sex is shown in table 2. Out of the 67 cases found, 
58 or 0.35 per cent of the total had active pulmonary tuberculosis. 
Twenty-six, or 0.23 per cent of these cases occurred among the 11,065 boys 
examined, and 32 or 0.61 per cent, among the 5297 girls. Thirty-eight 
cases occurred among white students, and 20 among Negro students. 
Since the Negroes constituted only about 13.5 per cent of all those exam- 
ined, these 20 cases represent a morbidity rate almost three times that of 
the white students. The major portion of the morbidity in the Negro 
population was contributed by the girls, 1.3 per cent of whom were found 
to be suffering from active pulmonary tuberculosis. 

Forty-one of the active lesions were minimal, 14 moderately advanced, 
and only 3 far advanced. Two of this last group were found in Negro 
girls. 
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Out of the 58 active cases found, three fourths were present in in- 
dividuals over the age of sixteen, who made up 54.9 per cent of the 
entire population examined. This indicates a marked tendency of 


TABLE 1 
Distribution of 16,362 high school students examined in New York City by age, race, and sex 


ALL INDIVIDUALS 


AGE GROUP 


BF 


SEAS 


~~ 


& 


13, 963|2 , 234) 165 


TABLE 2 


Prevalence of chronic and active* pulmonary tuberculosis in 16,362 students examined in 
New York City high schools 1937, 1938, 1939 


onary 

tuber- 
culosis 


White male 26 
White female 19 

5 
17 


67 


* Clinically significant. 
t Includes individuals of unknown race. 


tuberculosis to occur in the older adolescent groups, a finding com- 
monly noted. 

Comparison of our findings in the high schools with those obtained in 
other communities reveals a marked similarity. In other studies the 
incidence of reinfection tuberculosis has varied from .04 per cent (1) to 


| 
Sex | Race 
Male | FS. | white |Negro|, U2 Male | | Male | Fe. |Male| 
10-11.9 6 5 1 6) — 5 
12-13.9 463} 171 593 35) 6 450} 143) 11 24; 2 4 
14-15.9 4,537|2,217| 6,072) 611) 71 | 4,278)1,794) 232 379| 27 | 44 
16-17.9 5 ,073|2,475| 6,295/1,194) 59 | 4,489)1,806) 560 | 634) 24 | 35 
18-19.9 952} 410) 972) 365) 25 210) 176 14 | 11 
20-21.9 46 31 15 22 26, 4 17 aS ii 9 3 1 
22-23 .9 4 44 — 3 1) — 3} — 
Unknown — — 8s; — 8} — | — 
Total. .... ./16,362)11,065/5 , 297 {10,0043 , 959 991 |1,243) 70 | 
NUMBER PER CENT 
RACE AND SEX Active® Arrested Chronic | Active* Arrested 
culosis culosis culosis culosis culosis 
22 4 0.3 0.2 0.1 
16 3 0.5 0.4 0.1 
4 | 0.5 0.4 0.1 
16 1 1.4 La 0.1 
|_| 58 9 0.4 0.35 0.05 
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2.3 per cent (2), and of healed primary tuberculosis from 0.7 per cent 
(3) to 21.8 per cent (4). The variations in the incidence of reinfection 
lesions correlate closely with the age of the individuals, and the nature of 
the communities surveyed, the rates being lower in younger children and 
rural communities. In large cities resembling New York, such as Los 
Angeles (5), Detroit (6), Jersey City (7), and Chicago (8) the rates are 
very similar. The conspicious exception is Philadelphia where a mor- 


TABLE 3 


Reaction to tuberculin test (0.1 mg. Old Tuberculin, 0.0005 mg., PPD, Vollmer patch test) 
of 6,530 high school students by age and sex, New York City, 1937-1938 


TOTAL MALE FEMALE 


Positive Negative Negative Positive Negative 


11 3 

12 14 

13 164 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 
Unknown 


3562 2874 


54.5 , 54.7 46.2 53.8 


bidity rate four times that of any other large city has recently been 
reported (9). This difference is probably attributable to the more wide- 
spread infection of the population, as indicated by tuberculin studies, 
and to differences in interpretation of apical shadows in the roentgeno- 


gram. 
Our tuberculin studies can be divided into two groups. The first 


group comprises those individuals given a single test dose of tuberculin 
(0.1 mg. OT, 0.0005 mg., PPD, Vollmer patch test), 6530 in all. Twenty- 


i 
AGE 
2 14 
53 141 23 
251 513 52 98 
468 720 98 180 
614 749 179 233 i 
568 527 169 137 
312 172 73 16 
89 27 16 
10 7 1 oo 
1 — — 
2 1 — inne 
45.5 | 
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nine hundred and sixty-eight, or 45.5 per cent, reacted to at least one of 
these preparations. The rate did not differ appreciably in males and 
females, and increased progressively with age in both sexes (table 3). 

The second group is made up of those cases to whom two test doses of 
tuberculin were given, 0.1 mg. of OT, followed by 1.0 mg., if the reaction 
to the first dose was negative. Twenty-nine hundred and three individ- 
uals were tested in this way and 1583 reacted to one of the two strengths 
of tuberculin used, a rate of 54.5 per cent. Forty-seven and four tenths 
per cent of this group were positive on the first test, almost the same per- 
centage that reacted in the first group. Since the group given two tests 


TABLE 4 


Results of tuberculin tests with 0.1 mg. and 1.0 mg. Old Tuberculin in 2903, New York 
City high school students, 1938-1939, by sex and race 


STANDARD 


NUMBER PERCENTAGE AVERAGE AGE DEVIATION 


Tested | Positive Positive 


Total | Positive |Negative | Positive |Negative Group | Reactors Seontam 


46.0 | 16.2 | 16.6 ‘ 1.65 
51.9 | 16.0 | 16.2 ‘ 1.67 
22.7 | 17.3 | 17.4 ‘ 1.26 
43.2 | 17.0 | 17.2 ° 1.18 
50.3 | 16.9 | 17.1 : 1.13 
35.7 | 17.1 | 17.3 , 1.21 


2,345 | 1,266 | 1,079 
.| 1,869 898 971 
476 368 108 
Females... ... 558 317 241 

White...... 286 142 144 
272 175 97 


wor © 


wn 


All students.| 2,903 | 1,583 | 1,320 45.5| — | 16.8 1.49 


contained a much higher percentage of Negroes than those given a single 
test it was felt advisable to analyze our findings by race as well as sex. 
The breakdown revealed a much greater prevalence of positive reactions 
in the Negro students, particularly the males. Further analysis showed 
that the Negro and white reactors differed significantly in their mean 
ages, a difference almost entirely accounted for by the older average age 
of the Negro males. Since the average age of the Negro and white girls 
did not differ significantly, it may be concluded, however, that a higher 
rate of infection was present among the Negro girls (table 4). 

The prevalence of tuberculous infection found in the high school popu- 
lation in New York falls between the lowest rate, 22 in Minneapolis 
1936 (10) and the highest rate, 64.6 per cent, in Philadelphia 1937 (9) 
reported recently in similar groups. 
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Another interesting group of findings brought to light as a result of our 
studies in the high school population deals with the correlation between 
X-ray findings and the reaction to tuberculin. 

Four hundred sixty-nine individuals with healed primary or reinfection 
tuberculosis who had been given at least one tuberculin test were found. 
Ninety-one and three tenths per cent of this group reacted to tuberculin 
(table 5). 


TABLE 5 


Correlation between X-ray findings and tuberculin test with 0.1 mg. Old Tuberculin in 469 students 
with tuberculous lesions, New York City high schools, 1937, 1938, 1939 


NUMBER PER CENT 


Negative 


Tested | Positive 


Positive | Negative 


Total with tuberculous lesions 469 428 41 91.3 8.7 
Healed primary 436 396 40 90.8 9.2 


Reinfection 33 32 1 97.0 3.0 


TABLE 6 


Correlation between X-ray findings and tuberculin test with 0.1 and 1.0mg.Old Tuberculin in 176 
students with tuberculous lesions, New York City high schools, 1938-1939 


NUMBER 


PER CENT 


Tested 


Positive 


Negative 


Positive | Negative 


Total with tuberculous lesions 


176 


175 


1 


99.4 | 0.6 


Reinfection 13 13 _ 100.0 0.0 


Healed primary 163 162 1 99.4 | 0.6 


One hundred seventy-six of these individuals were given a second in- 
tracutaneous test with 1.0 mg. of OT, and all but one reacted to the 
second test. This was a case with a healed primary lesion (table 6). 

Our findings do not agree with those obtained by Gass, Gauld, Har- 
rison, Stewart, Williams (11), Lumsden, Dearing and Brown (12) and 
others in the South, but, rather, definitely confirm the reliability of the 
tuberculin test as a screening method in this section of the country. We 
wish to emphasize the necessity for the use of the full test dose, however, 
as almost 9 per cent of the individuals with tuberculous lesions failed to 
react when only one test was given. 

In the course of our survey of the Stuyvesant High School, 705 boys in 
the first and third terms of school were given duplicate tuberculin tests. 
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They were divided into three groups: 


(1) 536 boys given an intermediate dose of PPD (.0005 mg.) and a Vollmer 
patch test at the same time. 

(2) 75 boys given 0.1 mg. of OT and a patch test simultaneously. 

(3) 94 boys given the intermediate dose of PPD and 0.1 mg. of OT at the 
same time. . 


The injections of both OT and PPD were done according to the stand- 
ard intracutaneous technique of Mantoux (13). The patch tests were 
applied to the sternum according to the technique outlined by Vollmer 
(14) and were done under Dr. Vollmer’s supervision. 


TABLE 7 


Results of duplicate tuberculin tests using Purified Protein Derivative, Old Tuberculin and 
the Vollmer patch test in 611 students, Stuyvesant High School, New York City, 1939 


NUMBER PER CENT 


RESULT OF TEST P.P.D.-0.0005 Mg. P.P.D.-0.0005 Mg. 


Positive | Negative Positive 


Patch positive 
Patch negative 
Patch doubtful 


Patch positive 
Patch negative 
Patch doubtful 


P.P.D. 0.0005 mg. positive 
P.P.D. 0.0005 mg. negative 


The results of the tests in the three groups are shown in table 7. 
Summarizing the results in all three groups, we find 172 or 24.4 per cent 
positive to one of the three tuberculin tests employed. In the 611 cases 
in which a patch test and either of the two intracutaneous tests were 
used, 129 or 21.1 per cent were positive to the patch test and 141 or 
23.1 per cent to the intracutaneous test. Of the 94 boys given both 
PPD and OT, 23 or 24.5 per cent were positive to OT and 18 or 19.1 per 
cent to PPD. 


Negative 
106 5 87.6 1.2 
14 405 11.6 97.6 
NUMBER PER CENT 
O.T.-0.1 Mg. O.T.-0.1 Mg. 
Positive | Negative Positive Negative 
17 1 85.0 1.8 
0 1 0.0 1.8 
eewus 16 2 69.6 2.8 
Edd 7 69 30.4 97.2 
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These findings demonstrate that the patch test is 92 per cent efficient 
as compared with a single-dose intracutaneous test, assuming that the 
latter is considered 100 per cent effective in revealing the presence of 
tuberculosis infection. This coincides fairly closely with the current 
opinion that the patch test is about as sensitive as the Pirquet test (14, 
15, 16). Our experiences do not indicate that the greater sensitivity of 
the Mantoux test is only evident when full strength doses of OT are used 
as stated by Hart (15). In our small series 0.1 mg. OT was somewhat 
more sensitive than 0.0005 mg. PPD. 

For the past two years a horizontal survey in the form of a periodic 
follow-up study has been carried on at the Benjamin Franklin High 
School. Since the initial X-ray and tuberculin survey of the entire 
school in May 1937, each successive graduating class has been re-X- 
rayed. In December 1937, 240 students were examined; in May 1938, 
290; in December 1938, 194; and in May 1939, 211, making a grand total 
of 935. Three new cases of pulmonary tuberculosis have been found. 
Two of these were discovered in December 1937, one in an 18 year old 
Negro boy, and the other in a white boy of the same age. The Negro 
boy had never been X-rayed before; the white boy had a suspicious in- 
filtration at the right apex on his film six months previously which had 
been regarded as negative. The third case was detected in May 1938 
in an 18 year old white boy whose film of a year previously was entirely 
free from pathological changes. All three lesions were minimal in ex- 
tent. No additional new cases have been found in the last two graduat- 
ing classes X-rayed. If the case whose original X-ray film was suspicious 
is excluded, one boy developed tuberculosis among approximately 1,000 
boys followed from six months to two years. This represents a rate of 
0.1 per cent per year of observation which is closely comparable to the 
rate quoted by Fellows (16) in a somewhat older female population. 

In conclusion we wish to discuss briefly what has happened to the 
cases found in our high school surveys. Thirty-four of the 58 cases with 
active tuberculosis were promptly hospitalized. Most of these cases have 
been discharged as arrested, and several are receiving pneumothorax 
refills in the clinic. Most of the cases who were not treated in institu- 
tions are also arrested, but a few, unfortunately, are still suffering from 
active progressive disease. Four cases have died, 3 Negro girls and a 
white girl. In 2 instances death occurred within two years, in one in- 
stance within one year, and in the other case within six months of the 
time the diagnosis was first established. Two of those who died were 
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minimal cases when first discovered. These findings clearly point out 

the seriousness of pulmonary tuberculosis in the adolescent, particularly 

the adolescent Negro girl. At the same time they indicate the favorable 

outcome that can be expected with prompt treatment, particularly in- 

stitutional, of early asymptomatic lesions even in this highly susceptible 

age group. 
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A SURVEY OF 16,810 STUDENTS IN NEW YORK 
CITY COLLEGES 


The college student is of an age that is significant in the pathogenesis 
of tuberculosis. Thus, within recent years tuberculosis programs have 
been developed in an increasing number of colleges throughout the coun- 
try. It was important therefore that a similar population be included 
in the series of studies undertaken in New York City to give further 
evidence of the relative value of various groups as a source of significant 
case-finding. 

There are four colleges with a combined registration of about 20,000 
that would provide the necessary population for the study if their 
codperation could be secured. Fortunately this proved to be fairly 
simple as the Board of Higher Education which controlled these schools 
gave prompt and emphatic support. A resolution was passed by the 
Board requiring each student to be X-rayed providing the Department 
of Health would make such facilities available. 

College surveys have as a rule utilized the tuberculin test as a pre- 
liminary screen before proceeding with the X-ray. The soundness of 
this procedure was fully realized in our study, but was possible only in 
a single college. As the X-ray facilities were required by the Board this 
study deals with a radiographic examination of the entire enroliment of 
three colleges, part of another, and a selected group attending New York 
University. The exact number of students X-rayed in five colleges in 
New York City is as follows: 

College Number X-rayed 
College of the City of New York 
New York University 
Brooklyn College 


Hunter College 
Queens College 


The tuberculin test was used at C. C. N. Y. for the class admitted in 
February, 1939. The entire class was X-rayed regardless of the tuber- 
culin reaction in the interest of another study under way at the time. 
There were 43.8 per cent reactors to the tuberculin test. It has been 
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planned to repeat the test on each negative reactor at yearly intervals 
and radiograph all positive reactors at yearly intervals throughout the 
students’ college course. A more complete analysis of this study will be 
available later when the data are complete. The inauguration of this 
plan is the reason for not radiographing the entire enrollment of the 
College. 

The survey of the students from New York University was included be- 
cause it was made on a routine basis and therefore would be comparable 
to other data in the study. These examinations were the result of a 
special study arranged with the Medical Staff of N. Y. U. to check on the 
results of a routine fluoroscopic examination that was a part of their 
regular medical examination. In only one instance did the radiogram 
give evidence of a lesion typical of chronic pulmonary tuberculosis that 
had not been indicated by the fluoroscopic examination. The fact that 
this represents an error of 20 per cent is of questionable significance when 
it is realized that only 5 such lesions were found in the entire study. The 
lesion missed was a strand-like change in the apex that proved to be of 
little importance. 

In Hunter, Brooklyn, and Queens Colleges the entire student body in 
attendance at the time the facilities were available were radiographed and 


thus represent nearer 100 per cent accomplishment. 

The student body at C.C.N.Y. is made up entirely of males whereas 
in Hunter College are only females. Brooklyn and Queens Colleges 
accommodate both males and females. 


ANALYSIS OF DATA 


The distribution of the combined population is shown in table 1. The 
average age for the population was 18.8 years with 68 per cent falling 
between the ages of 15 and 22.6 years. Approximately 98 per cent were 
white, 1.9 per cent were colored, and 0.3 per cent unknown. The popula- 
tion was predominantly of Jewish extraction. Approximately two thirds 
of the population, 67.7 per cent were females with an average age of 18.9 
years with 68 per cent falling between 17.5 and 20.3 years. The average 
age of males was 18.8 years with the concentration between 17.1 and 
20.5 years. 

There were 58 or 0.3 per cent of the entire population classified as 
chronic pulmonary tuberculosis (table 2). The Negro population is too 
small to make the findings among females significant in this particular 
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TABLE 1 
Distribution of 16,810 students X-rayed—New York City colleges 


ALL INDIVIDUALS WHITE NEGRO 


Sex 


Under 15 
15-15.9 
16-16.9 
17-17.9 
18-18.9 
19-19.9 
20-20.9 
21-21.9 
22-22 .9 
23-23 .9 
24-24.9 
25 & over 

Unknown 


| | | mate 


ww | | Unknown 


| lew | | Mate 
| | | Female 


NS 


11,387 


Prevalence of chronic pulmonary tuberculosis found in 16,810 students—New York City colleges 


NUMBER PER CENT 


AGE GROUP i Negro i Negro 


Female Female 


16-16.9 
17-17.9 
18-18.9 
19-19.9 
20-20.9 
21-21.9 
22-22.9 
23-23 .9 
24-24.9 
25 & over 


1 
2 


0.8 


| 


3.6 16.7 


wr | 


40 0.3 ‘ 1.5 


study, though they do conform to ratios noted in much larger numbers 
surveyed in other studies. 
Thirty four or 0.2 per cent of the total population had lesions of clinical 


UNKNOWN 
AGE GROUP 
o 
3 ‘a 
2 
10 9 1 10) — 9 1 
106 71 35 104; 1 71 33 
1,250 543 707| 1,232) 11 538 694 
3,796 | 1,239] 2,557] 3,723 59 1,219] 2,504 
4,635 | 1,373| 3,262] 4,532] 94 1,358| 3,174 
3,234 | 944] 2,200| 3,176] 54 934| 2,242 
2,040 538) 1,502) 1,994) 41 528] 1,466 
988 334 654 950) 33 322 628 
283 133 150 275| 8 130 145 
111 53 58 106) 5 §2 54 
69 41 28 65) 4 40 25 
270 144 126 259) 9 140 119 
18 1 1] 15 
Total......| 16,810 | 442/319 5,342 11, 100 
TABLE 2 
|__| 
Male Female | Male 
1 — — 0.2 0.1 — 
2 0.2 0.2 
1 0.1 0.3 
1 0.1 0.4 
3 = 0.6 0.5 6.1 
1 |__| 1.4 
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significance (table 3). Thus, this type of lesion represents 59 per cent 
of all lesions classified as chronic pulmonary tuberculosis. Classified 
by stage of diseases those of clinical significance revealed 20 or 58.8 
per cent minimal, 12 or 35.3 per cent as moderately advanced and 2 or 
5.9 per cent as far advanced. 


TABLE 3 


Prevalence of active* tuberculosis found in 16,810 individuals examined in New York 
City colleges 


NUMBER 


Negro 


Male Female 


16-16.9 
17-17.9 
18-18.9 
19-19.9 
20-20.9 
21-21.9 
22-22.9 
23-23 .9 
24-24.9 
25 & over 


* Clinically significant. 
DISCUSSION 


This study is of considerable significance when compared to others 
included in this report, as it revealed the lowest prevalence of chronic 
pulmonary tuberculosis as well as of clinically significant disease. 

The study of high school students with an average age of 16.2 years, or 
4.6 years younger than college students had slightly more evidence of 
chronic pulmonary disease, but twice the amount of significant lesions, 
as has been indicated in the high school study. (See page 52.) The 
population reached was generally speaking of a low economic level which 
undoubtedly had some influence on the results. Elimination of the 
colored in the high schools would not materially alter the final ratio 
in the two groups. 

The study among enrollees of the National Youth Administration who 
were of an average age of 20.8 years, or two years older than the college 


PER CENT 
AGE GROUP White White Negro 
Male Female Male | Female | Male Female 
1 _ 0.2 0.1 
1 -- 0.1 0.1 
2 _ 2 0.4 0.1 —_ 6.1 
| =f — 
2 3 1.4 -- 
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group revealed almost seven times as much chronic pulmonary tubercu- 
losis, and four and one half times as much disease that was considered as 
clinically significant. (See page 67.) This difference would not be 
expected entirely on the basis of age variation, but was probably due to 
the fact the National Youth Administration represents a population 
drawn from families on relief. 

The evidence available from these three studies would seem to sub- 
stantiate the generally accepted fact that tuberculosis is more prevalent 
among those living under lower income standards than among those 
better situated. 

Another factor of significance is the known variation in tuberculosis 
mortality between Jewish and non-Jewish races. Bolduan and Weiner 
(1) reported on data collected in New York City in 1931 concluded that 
“at practically every age period the deaths of tuberculosis constitute a 
smaller proportion of all deaths at a given age period among Jews than 
among non-Jews. Tuberculosis was responsible for 400 out of every 
1,000 deaths of white non-Jewish females in the age group 15-19, this 
being the peak. Tuberculosis was responsible for 208 out of 1,000 
deaths of Jewish females in the age group 20-24, this representing the 
peak for Jewish females. Tuberculosis caused 312 out of each 1,000 
deaths of non-Jewish white males in the age group 20-24, this being the 
peak for non-Jewish males; it caused 205 out of each 1,000 deaths of 
Jewish males in the age group 25-29, this being the peak for Jewish 
males. 

“With very few exceptions this relationship held for all the various 
age groups. Between the ages of 30 and 50 among the non-Jewish male 
deaths, tuberculosis was approximately three times more frequent than 
among Jewish male deaths; among the females the differences were not 
so striking.” 

Data are not available on the percentage of Jews and non-Jews in 
the high schools and N. Y. A. enrollees, however, it is conservatively 
estimated that a third were Jews, which would seem to emphasize the 
economic factor as a causative agent in tuberculosis. 

The prevalence of chronic pulmonary tuberculosis among college stu- 
dents in New York City conforms very closely to the studies made by 
Boynton, Diehl and Shepard (2) and to the report of the tabulations on 
91,186 college students made by The American Student Health Council 
in 1936 (3). 
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The small amount of tuberculosis disclosed in these studies clearly indi- 
cates the importance of the tuberculin test in preselecting those for sub- 
sequent X-ray. 
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A SURVEY OF 8,708 NATIONAL YOUTH ADMINISTRATION 
ENROLLEES IN NEW YORK CITY! 


The enrollees in the National Youth Administration (NYA) represent 
a population between the ages of eighteen and twenty-four years, and 
they come from families that were either on Home Relief or under 
WPA. These factors suggested the possibility that an appreciable 
amount of significant tuberculosis might be found by the mass survey 
method. In all, 8,708 individuals, approximately 100 per cent of the 
enrollment in New York City at the time of the survey, were radio- 
graphed. 

Lindsay (1) in 1938 reported on a group of 6,500 individuals employed 
by the NYA from January, 1936 to February, 1938, indicating some 
interesting facts relative to their social, educational, mental, economic 
and physical status. These data, we were assured (2) pertained to the 
group under consideration with a maximum possible error of between 
one and two per cent. All the NYA enrollees were single; and all but 
2 per cent were free from physical or mental handicaps sufficiently 
serious to interfere with the securing or holding of a job. About 0.9 
per cent of all the NYA workers, or, roughly, one half of those reporting 
handicaps, had orthopedic impairments such as amputations, paralyses, 
congenital defects or injuries of spine or limbs. Three-tenths of one 
per cent of the total group, or about 16 per cent of those reporting dis- 
abilities were afflicted with cardiac disease. Eye and ear defects con- 
stituted 0.2 per cent each of the total number of workers reporting, while 
slightly more than 0.1 per cent of the entire group reported some nerv- 
ous or mental abnormality. Five individuals, or less than 0.1 per cent 
of the entire group were reported as suffering with respiratory disease. 
More specific details concerning these 5 people are not available, but 
may have included cases of asthma, bronchitis and tuberculosis, either 
healed or under treatment. 

These individuals worked from 40 to 44 hours a month for which they 
were paid from $20 to $22. Forty per cent were engaged in some 
type of clerical work; the remainder worked as laborers in parks, play- 


1 This section was prepared by Jacob Rogoff, M.D. 
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ground supervisors, kindergarten teachers, in needlework, carpentry 
and the like. Ninety-five per cent of the entire group had at least a 
grammar school education, while 40 per cent had completed a high 
school course and some were enrolled for college courses. All but 5 
per cent of the group were born in the United States; the 5 per cent 
foreign born came from 40 different lands, with the largest percentage 
coming from Italy, and in decreasing order of frequency from the Brit- 
ish West Indies, Canada, Russia, and Poland. 

A distribution of the 8,708 individuals included in this survey is 
shown in table 1. 


TABLE 1 
Distribution of 8,708 individuals X-rayed—N ational Youth Administration, by age group, sex and 
race, New York City, 1938-1939 


ALL INDIVIDUALS 


AGE GROUP 


White 
18-18.9 1130 
19-19.9 1599 
20-20.9 1564 
21-21.9 1196 
22-22.9 831 
23-23 .9 523 
24-24.9 324 
25-25.9 40 

Unknown 4 

Others 31* 


Total... 4742 7242 


* Not on N.Y.A. rolls as students. 


CHRONIC PULMONARY TUBERCULOSIS 


There were 172, or 2 per cent of the 8,708 included in the survey diag- 
nosed as chronic pulmonary tuberculosis (table 2). 

There were 122 cases of chronic pulmonary tuberculosis foundin the 
white population and 48 cases among the Negroes, while 2 cases were 
found among the group whose race was not known, giving these groups 
an incidence of disease of 1.7 per cent, 3.4 per cent and 4 per cent re- 
spectively. Thus there was twice as much chronic pulmonary tubercu- 
losis in the Negro population as there was among the whites. There 
was no significant difference as to sex. 


WHITE NEGRO UNKNOWN 
Negro a4 Male Male | Male = 
205 9 592 538 | 123 82 8 1 
222 9 816 783 61 | 161 6 3 
320 | 15 857 707 | 131 | 189 | 14 1 
254 7 692 504 | 107 | 147 5 2 
220 5 527 304 92 | 128 5 
124 3 329 194 52 72 3 
2 225 99 
11 31 9 7 4 
2 2 2 2 
3° 25* 6* 3* 
1416 | 50 | 4096 | 3146 | 603 | 813 | 43 7 
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One male and one female whose races were not specified were found to 
have chronic pulmonary tuberculosis. 


TABLE 2 


Chronic pulmonary tuberculosis found in 8,708 examinations—N ational Youth Administration, 
New York City, 1938-39, by age group, race and sex 


AGE GROUP 


Are OCC 
on tvs 


an 


TABLE 3 


Active* pulmonary tuberculosis found in 8,708 examinations—N ational Youth Administration, 
New York City, 1938-39, by age group, race and sex 


NUMBER PER CENT 


Negro i Negro 


Fe- Fe- 
Male | male Male | male 


NP UN 


30 | 23 


* Clinically significant. 


Active pulmonary tuberculosis: Of the 172 cases of chronic pulmonary 
tuberculosis discovered in the entire group, 79 cases or 46 per cent were 
found to be active (table 3). Fifty-three of the active cases occurred in 


| 
NUMBER PER CENT 
oe White Negro Unknown White Negro Unknown 
Male Male Male Male = Male 4 Male =~ 
18-18 .9 1 8 2 1 1.6} 1.2 
19-19.9 5 5 4 4 6.6 | 2.5 
20-20.9 7 8 3 8 1 
21-21.9 28 9 5 6 1 4.7 | 4.1 50.0 
22-22 .9 13 11 3 7 3.3335 
23-23 .9 11 2 1 1 1.9 | 1.4 
24-24.9 4 7 1 2 
25-25.9 2 1 
Total......| 71 | 51 |29 | 1] 1 | 3.2 3.6 | 2.3 | 14.3 
AGE GROUP White Unknown 
Male 4 Male = 
18-18.9 5 2 0.9 | 1.6 
19-19.9 4 1 1 0. 1.6 | 0.6 
20-20.9 4 6 2 7 0. OST 
21-21.9 10 4 4 2 1 : 0.8 | 3.7) 1.4 50.0 
22-22 .9 5 4 4 0. 1.3 3.1 
23-23 .9 1 1 1. 0.5 1.9 
24-24.9 1/2/41 0.8 | 2.0] 3.7 
25-25.9 1 1 a. 11.1 : 
Total.......| — | 1 1.8] 1.7] — | 14.3 
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the white group and 25 cases among the Negroes, giving the groups an 
incidence of 0.7 per cent and 1.8 per cent. Thus the prevalence among 
the Negro was over twice that among the whites. One female of un- 
specified race was found with an active lesion. A classification of active 
lesions by stage of the disease showed 51 or 65 per cent as minimal, 
19 or 24 per cent as moderately advanced, and 9 or 11 per cent as far 
advanced. 

In 8 instances diagnoses were made which indicated that chronic pul- 
monary tuberculosis had existed for some time and that the patients had 
or were undergoing some form of collapse therapy. Thus 2. males and 
3 females were found with artificial pneumothorax, while one male had 
a hydropneumothorax. There was also one male with a thoracoplasty 
and one with a bronchopleural fistula. 

In 31 instances no definite diagnosis could be made as to theactivity 
or the certainty of the presence of a tuberculous lesion. Subsequent 
examinations have reduced the number from 31 to 17. 


DISCUSSION 


This survey indicates that the NYA population of New York City at 
the time of this study was of an average age of 20.8 years, and that 172 
or 2 per cent were found to have evidence of chronic pulmonary tuber- 
culosis. It is of interest to compare these findings with those of other 
authors who report the occurrence of adult-type tuberculosis in ap- 
parently healthy groups of approximately the same age distribution. 
The only statistics we were able to find deal with university students. 

Boynton, Diehl, and Shepard (3) report the incidence of reinfection 
type tuberculosis among the students in the University of Minnesota, 
where X-ray films are taken routinely on all students who give a posi- 
tive reaction to the Mantoux test, or on those who for any other reason 
need a chest radiograph. They found that in the five-year period 1931- 
1935, among 69,675 registrants there occurred 126 cases of chronic pul- 
monary tuberculosis, giving the group an incidence of only 0.18 per cent, 
or, roughly, one tenth of the percentage of reinfection type tuberculosis 
discovered in our NYA group. Although it is known that the incidence 
of chronic pulmonary tuberculosis increases with age, there is probably 
no important difference in the average ages of the two groups which 
would account for the wide discrepancy between them. Furthermore, 
whereas we found no significant differences in the incidence of chronic 
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pulmonary tuberculosis in our male and female population, the incidence 
of chronic pulmonary tuberculosis among the women students at the 
University of Minnesota was twice that among the male students. 

Bloch, e¢ al. (4), on the basis of an extensive review of the literature 
both of this country and abroad, tabulated figures covering over a 
million examinations, taken on various cross sections of an apparently 
healthy population. They estimate that about 1.5 per cent of the adult 
population have active pulmonary tuberculosis. These authors found 
that among 97,053 college students, 0.83 per cent showed significant 
lesions. 

The American Student Health Association (5) in its report for 1936 on 
91,186 college students from institutions with a well organized health 
department and an active tuberculosis program, found the incidence of 
adult type pulmonary tuberculosis to be 0.42 per cent. They found no 
significant difference in the incidence of chronic pulmonary tuberculosis 
between male and female students. 

In none of the above studies does the percentage of chronic pul- 
monary tuberculosis approach the 2 per cent found among NYA en- 
rollees in New York City. If we disregard the colored group which 
formed 16.3 per cent of the total and in whom the incidence of chronic 
pulmonary tuberculosis was 3.4 per cent, the white group is still left 
with an incidence of 1.7 per cent. It seems probable that the difference 
in incidence between the college and NYA groups can be explained 
best by difference in the social and economic conditions prevailing in the 
respective groups. 

The effect of age on incidence is strikingly brought out by Soper and 
Wilson (6) who report that among 5,867 Yale freshmen an incidence of 
0.23 per cent chronic pulmonary tuberculosis was discovered, while 
among 4,766 graduate students at Yale the incidence was 1.42 per cent. 
The average age of the freshman group was 18.6 years while that of the 
graduate group was 24.6 years. Thus with a difference in average age 
of these two groups of six years, the older group showed about five times 
as many cases of chronic pulmonary tuberculosis as the younger 
students. If the Yale graduate group is compared to the NYA enrollees 
we find they were on an average 4.5 years older, but had 25 per cent less 
tuberculosis. This again we believe emphasizes the importance that 
the economic and social state of a group plays in determining the amount 
of disease in the population. 
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CONCLUSIONS 


1. Two per cent of the 8,708 individuals of the New York City NYA 
group were found with chronic pulmonary tuberculosis. 

2. The prevalence of chronic pulmonary tuberculosis in the Negro 
group was twice that of the white group, being respectively 3.4 per 
cent and 1.7 per cent. 

3. There was no significant difference in the prevalence of chronic 
pulmonary tuberculosis, either arrested or active between the sexes. 

4. The prevalence of active pulmonary tuberculosis was 0.7 per cent 
in the white and 1.8 per cent in the colored population. 

5. Sixty-five per cent of all the active tuberculosis was minimal, 
24 per cent moderately advanced, and 11 per cent far advanced. 
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PREEMPLOYMENT SURVEYS 


This report will deal with the routine X-raying of applicants for 
employment in the Department of Health, the Fire Department, Depart- 
ment of Education for positions as teachers, and applicants for licenses 
as guides. 

With the exception of the group designated as guides, all applicants 
in the past had been required by Civil Service to make a declaration of 
past or present illnesses. Also at the time of their certification to Civil 
Service lists they were required to undergo certain physical tests. Appli- 
cants assigned to the Department of Health or to the Fire Department 
were given physical examinations by the Medical Boards of the respec- 
tive department at the time of their appointment. Their probationary 
period was ninety days and anyone not rejected within that period was 
entitled to all the rights of a Civil Service employee as well as to pension 
rights. 

In the Department of Education it is necessary for an applicant for a 
teaching position to pass a physical examination before being placed on 
an eligible list. Thus, an examination may have been made months to 
years before the actual appointment of the applicant after which time 
he would still be subject to a probationary period of three years before 
securing permanent tenure of office. Obviously much could have hap- 
pened in the interim, and the safest method would have been to require 
a physical examination at least at the beginning of the probationary 
period. 

There are approximately 36,000 teachers in the public school system 
of New York City, and there are over 6,000 applicants on existing civil 
service lists awaiting appointment, thus it would be expected that some 
teachers would be found by routine X-raying with undetermined lesions. 
Until the X-ray examination was required as a part of the certification 
of a teacher, the Department of Health knew only those cases who had 
been reported in the usual manner. Their control as possible spreaders 
of disease in the school was a legal responsibility of the Department of 
Health so that they were not considered a problem. 

An attempt was made to determine the extent of the tuberculosis 
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problem among 1,468 new applicants for teaching positions in Decem- 
ber 1938. That study indicated that 32 or 2.2 per cent of these appli- 
cants gave radiographic evidence of chronic pulmonary tuberculosis, 
and that 10 or 0.7 per cent of the total had clinically significant lesions. 
These findings were sufficient to convince the Board of Education that 
routine radiographs of all applicants for teaching positions were indicated 
and therefore this has been accepted as a routine practice. 

It has been the experience of these three Departments that cases of 
tuberculosis have developed within a short period after the appointment 
and it was naturally desired to eliminate obvious or potentially tuber- 
culous cases before appointment. 

In 1937 the Fire Department of New York City established the “‘Three 
Platoon System,”’ providing for eight hour duty for all members of the 
uniformed force. This plan required the placing of several thousand 
new men within a reasonably short period. Even though in the past 
these applicants had been submitted to more vigorous tests than most 
Civil Service applicants, occasional cases of tuberculosis did develop 
within a short period after the probationary period was completed. 
There was also an economic problem involved for the City, due to the 
fact that members of the Fire Department made no contribution to their 
pension fund, the entire burden being carried by the City. 

The routine radiograph was inaugurated in the Department of Health 
in 1936, in the Fire Department in 1937, and in the Department of Edu- 
cation, and guides in 1938. The studies presented herewith include all 
such examinations up to November 1, 1939. 

A local ordinance was passed in 1937 requiring the licensing of all 
guides operating in New York City. A “guide’’ was defined as follows: 


The term “guide”’ shall mean and apply to any person who shall engage in the 
business of guiding or directing persons to any place or point of public interest 
or who in connection with any such sight-seeing trip or tour shall describe, 
explain or give a talk or lecture concerning any place or point of public interest 
to any person within the City of New York or its surrounding waters, or obtain 
the patronage of any person or persons for such trip. 


The securing of a license required among other things that the applicant 
must secure a certificate from the Department of Health certifying that 
he is not suffering from any disease or infirmity which would make him 
unfit to be a guide. From the standpoint of communicable diseases the 
Department decided on a blood test for syphilis and an X-ray film for 
possible tuberculosis. 
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The large number of such applicants examined (1917) was doubtless 
due to increased business in this field occasioned by the New York 
World’s Fair. However, the applicants examined did not serve in the 
World’s Fair, but with the numerous agencies providing sight-seeing 
facilities in the City. A license is issued on an annual basis, and the 
regulations of the guides’ activities is under the direct supervision of the 
Department of Licenses of the City. 

It was fully appreciated at the outset that considerable judgment 
would have to be exercised in evaluating the significance of lesions. 
There are many of a well healed character and of limited extent that 
should not be sufficient cause to bar the applicant from employment. 
Also it was realized that a final opinion could not be rendered on a single 
radiograph, but might require periodic supervision for months to deter- 
mine stability and arrest of lesions. Furthermore, consideration had to 
be given to the extent and character of a lesion and the occupation of the 
applicant. Thus an employee in the Fire Department would be sub- 
jected to respiratory irritants such as smoke, fumes and adverse weather 
conditions more frequently than the applicant for a position as clerk 
or stenographer. Therefore the hazard of the fireman was greater than 
among applicants for other positions. 

In view of these problems the Department of Health was given the 
final authority in recommending the acceptance or rejection of all appli- 
cants so examined. An applicant rejected may ask for a review of his 
case, and he may submit the findings and recommendations of his family 
physician, which is not an infrequent occurrence. All such requests are 
carefully reviewed but thus far the Department has seen no cause to 
reverse its decision. Frequently the radiographs submitted from the 
outside are not comparable in technical detail to those of the Health 
Department, or the physician is willing to classify a lesion on the radio- 
graph as arrested after a short period of observation, because the patient 
presents no physical findings or symptoms indicating activity. 

Usually our series of radiographs clearly indicate changes that may 
be of a regressive character, yet are nevertheless considered as active. 
Cases originally classified as “rejected” or ‘“‘deferred” may later be 
recommended as satisfactory when the radiograph gives evidence of 
stability and arrest. All cases are reported in one of the three following 
categories: 


1. Rejected: This group was composed of all applicants with open pulmonary 
tuberculosis, or those with extensive lesions of an exudative character. 
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2. Deferred: In this category fall all applicants with lesions suspicious of pul- 
monary tuberculosis, those with well defined lesions predominantly of a pro- 
ductive character and as a rule not involving a greater area than would be 
commensurate with the limits of a minimal lesion as defined by the National 
Tuberculosis Association. Occasionally an applicant with a more extensive 
disease has been deferred on the basis of the character of the lesion and the 
availability of previous radiographs or other dependable reports. Some appli- 
cants with pneumothorax have been recommended for selected employment 
when the complete history of the case was available. The period of deferral 
may cover months depending upon the type of employment, extent and 
character of the lesion and its behavior during observation. 

3. Satisfactory: By far the largest number fall in this classification. It in- 
cludes all those considered as negative on the survey radiograph and those 
originally rejected or deferred, but who have in the course of time given ample 
evidence of resolution, or stability so that they can be classified as arrested. 


ANALYSIS OF 1,306 RADIOGRAPHS OF APPLICANTS FOR THE 
DEPARTMENT OF HEALTH 


This study includes the radiographs of all new appointees in the De- 
partment from January 1, 1936 to November 1, 1939. A substantial 
proportion were applicants for professional services such as nurses, 
physicians, and dentists. The remainder were of clerks, laboratory 
workers and ordinary laborers. 

The distribution of this population by age and sex is shown in (table 1). 
The average age of the males was 31.3 years and the females 29.8 years. 
However, 55 per cent of the females were under the age of 30, whereas 
only 47 per cent of the males were under that age. 

There were 61 or 4.7 per cent of this group classified as chronic pul- 
monary tuberculosis (table 2). The average age of the males with these 
lesions was higher than the females, being 37 in the former and 31 in the 
latter. Fifteen or 24.6 per cent of all lesions were classified as clinically 
significant (table 2). These lesions occurred at an earlier average age 
than did all lesions classified as chronic pulmonary tuberculosis. In 
males this age was 33.3 years while in females it was 31.4 years. 


ANALYSIS OF 5,279 RADIOGRAPHS OF APPLICANTS FOR THE 
FIRE DEPARTMENT 


This study involved only males and as will be noted (table 3), they 
were predominantly under 30 years of age, the average being 25.7 with 
two thirds between 23 and 29 years. One and three tenths per cent 
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TABLE 1 
Distribution of 1,306 individuals X-rayed—Health Department applicants, 1938, by age 
and sex 


15-19.9 34 
20-24.9 
25-29.9 334 
30-34.9 316 
35-39 .9 155 
40-44.9 57 
45-49 .9 31 
50-54.9 24 
55-59.9 12 
60-64.9 5 
65-69 .9 
Unknown 26 


1,306 


TABLE 2 


Chronic and active* pulmonary tuberculosis found in 1,306 X-ray examinations—Health 
Department applicants, 1938, by age and sex 


CHRONIC PULMONARY TUBERCULOSIS ACTIVE* PULMONARY TUBERCULOSIS 


Number Per cent Per cent 


we ler | | 


WwW 


* Clinically significant. 


or 70 of the population were adjudged as chronic pulmonary tubercu- 
losis. Forty or 57.1 per cent of the 70 were classified as clinically 
significant. The average age of the men who had chronic pulmonary 
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ALL INDIVIDUALS 
AGE ALL SEXES en i 
Male Female 
26 8 | 
121 213 | 
155 161 
89 66 
38 19 
21 10 | 
17 7 i 
4 
4 1 
2 
16 10 } 
AGE 
Male | Female Male Female | Male Female 4 
15-19.9 | $2.8 1 | $2.8 
20-24.9 1.8 | 2.7 _ 2 —_ 1.4 
25-29.9 3.3 | 2.3 1 2 0.8 | 0.9 44 
30-34.9 4.5 | 8.1 3 i 1.9 | 0.6 
35-39.9 6.7 | 7.6 2 2 2.2 | 3.0 
55-59.9 12.5 | 25.0 _ 1 in DSRS 
65-69 .9 — | 50.0 _ 
Unknown 18.8 — — 
ee 30 4.7 4.7 6 9 0.9 1.4 
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tuberculosis was 26.6 years, while those who had clinically significant 
lesions were of an average age of 26.9 years. 


ANALYSIS OF 3,185 RADIOGRAPHS OF APPLICANTS FOR POSITION AS TEACHER 
DEPARTMENT OF EDUCATION 


This study was started in December 1938 and includes all applicants 
recommended for position in the Department of Education up until 
November 1, 1939. 

The population studied (table 4) was composed of 1,662 males and 
1,523 females. More than 62 per cent of them were under 30 years of 
age and the average age for the entire group was 29.0 years. From the 


TABLE 3 


Chronic pulmonary tuberculosis and active* pulmonary tuberculosis found in 5,279 X-ray 
examinations—Fire Department applicants, 1938-1939 


CHRONIC PULMONARY TUBER- ACTIVE* PULMONARY TUBER- 
NUMBER CULOSIS CULOSIS 

X-RAYED 

ALL MALE 


Number Per cent 


Number P 


er 

2,228 0. 12 0.5 
1. 
2. 


21 0.8 
2.5 


2,724 
280 

1 

2 


1 
43 


5,279 


* Clinically significant. 


standpoint of race, the group was predominantly white (98.2 per cent). 
One and five tenths were Negro and 0.3 per cent were classified as 
unknown. 

The 1,647 white males had an average age of 29.4 years.and the 11 
Negro males had an average age of 36.6 years. The average age of the 
1480 white females was 28.4 years and that for the 38 Negro females 
was 33.0 years. 

There were 82 cases of chronic pulmonary tuberculosis or 2.6 per cent 
of the total population (table 5). It will be noted that all of the disease 
was found amongst the white population. Of those classified as chronic 


AGE 
20-24.9 
25-29 .9 
30-34.9 
40-44.9 — — 
55-59.9 — — 
Unknown 
70 1.3 40 0.8 
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pulmonary tuberculosis 33 or 40 per cent were considered as clinically 
significant (table 5). This represents 1.0 per cent of the total population. 
There were 49 classified as arrested, giving the population an arrested 


TABLE 4 
Distribution of 3185 individuals X-rayed—teacher applicants, Board of Education 


ALL INDIVIDUALS 


Races 


2 


14 
758 
1,179 
790 
286 
84 

12 

4 


Negro 
Female 


| 


wW 
oo 


3,127 


TABLE 5 


Chronic and active* pulmonary tuberculosis found in 3185 individuals X-rayed—teacher 
applicants—Board of Education, by age and sex 


CHRONIC PULMONARY TUBERCULOSIS ACTIVE* PULMONARY TUBERCULOSIS 


Number Number Per cent 


Male | Female Female Male | Female 


12 ‘ ‘ 1.2 
11 ‘ ‘ 

3 ‘ 2.0 


45 37 0.8 


* Clinically significant. 
Note: All the tuberculosis was found in the white population. 


disease rate of 1.5 per cent. It will be noted in (table 5) that percentage 
of disease in both sexes increased with age reaching 7.9 in the males and 
4.0 in the females in the 40-44.9 year age group. The average age of the 


WHITE NEGRO UNKNOWN 
Sex 
SEXES © 
20-24.9 | 763| 335] 428 2 | 338| —| 3|/—/] 2 
25-29.9 |1,197| 619 | 578 5 | 615| 5644/2] 11 | 21] 3 
30-34.9 | 808 | 492] 316 2 | 486| 304] 4 | 
35-39.9 | 294] 162| 132 — | 160| 126] 2 
40-44.9 88 | 38] 50 —| 37| 47] 1 
45-49.9 16 9 7 om 8 4] 1 
50-54.9 5 3 2 2 4 ay 
Total... .|3,185 |1,662 |1,523 4|5 
AGE 
25-29.9 
30-34.9 | 
35-39.9 
40-44.9 
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individuals with clinically significant lesions was 30.1 whereas the average 
age of those with arrested lesions was 31.7 years. 


TABLE 6 
Distribution of 1917 applicants for licenses as guides X-rayed 1938-1939, by age and sex 


Female 


97 
20 
11 


1,917 


TABLE 7 


Chronic and active* pulmonary tuberculosis found in 1917 X-ray examinations, applicants 
for guides by age and sex 


CHRONIC PULMONARY TUBERCULOSIS ACTIVE* PULMONARY TUBERCULOSIS 


Per cent Per cent 


Male | Female Female 
aun 


| 


an 


i) 
= 


* Clinically significant. 


Twenty one or 1.3 per cent of all males were discovered with clinically 
significant lesions. The females on the other hand had a disease rate of 
only 0.8 per cent. This variation may or may not have been due to the 


AGE BOTH SEXES Male pe 
20-24.9 1,075 978 
25-29 .9 467 447 
30-34.9 167 156 
35-39.9 76 71 
40-44.9 52 49 3 
45-49 .9 34 33 1 
50-54.9 20 15 5 
55-59.9 16 14 2 
60-64.9 5 5 —_ 
65-69 .9 2 1 
70-74.9 1 1 — 
Unknown 1 1 oe 
AGE Number 
Male | Female 
20-24.9 13 2 
25-29.9 8 0.4 
30-34.9 5 1.9 
35-39.9 10 1.4 
40-44.9 3 1 1 oo 33.3 
45-49 .9 2 3.0 
55-59 .9 3 | 
60-64.9 1 — 20.0 
3 2.1 3 0.9 
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significantly different higher average age of the males, but because the 
sample examined is very small no weight is attached to this premise. 
The males who were discovered with active lesions had an average age 
of 32.5 years while the females were 27.1 years of age. 


ANALYSIS OF 1917 RADIOGRAPHS OF APPLICANTS FOR LICENSES AS GUIDES 


This survey was started in 1938 and includes all applicants examined 
up until November 1, 1939. Complete racial data were not available 
on 69 applicants, but of the remainder 1843 were white and 5 Negro. 

The predominant group in the population was composed of white 
males (table 6). The average age of the entire population was 27 years, 
there being no significant difference between males and females. 

Forty-eight cases of chronic pulmonary tuberculosis were discovered 
in the entire population, a prevalence of 2.5 per cent. There was no 
significant difference in the prevalence of the disease between the two 
sexes in the chronic pulmonary group, the figure for the males being 2.5 
per cent and for the females 2.1 per cent. Nineteen or 39.6 per cent of 
the lesions were classified as clinically significant (table 7). It is of 
interest to note that all the disease discovered in the females was clinically 
significant and that 2 of the 3 cases occurred in the 20-24.9 year age 


group. In the males only 36 per cent of the lesions were clinically signifi- 
cant and there was a gradual upward trend by age in the percentage of 
their occurrence. 


DISCUSSION 


It is of interest to note that in these four rather distinct groups of 
applicants for positions the average age ranged between 27 and 30 years, 
the males averaging slightly higher in all instances except among the 
guides. The similarity in the average age may be accounted for in part 
by the age limitations imposed by Civil Service. 

Chronic pulmonary tuberculosis occurred more frequently among 
applicants for the Department of Health than any other group. This 
is to be expected in view of the fact that a substantial number were nurses 
and physicians who had had more than the average amount of exposure 
to tuberculosis, the prevalence being slightly greater among females 
than males; whereas in the Department of Education and among guides 
the frequency was less among females than males. In all instances the 
average age of occurrence was greater in males than females. 

It is of interest to note that even though the average age of applicants 
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for the Fire Department was about the same as in the other three groups, 
the age at which chronic pulmonary tuberculosis was found was con- 
siderably lower in comparison to other males, and about the same as in 
females in the Department of Education. 

The prevalence of clinically significant tuberculosis in all groups did 
not show the variation noted among those with lesions classified as 
chronic pulmonary tuberculosis. The average age of occurrence for the 
applicants of the Fire Department was from five to six years earlier than 
in other males and from two to four years earlier than in the females. 

The importance of these studies is evident from the frequency with 
which significant tuberculosis was found. Such studies are of the great- 
est value in eliminating from appointment applicants with active or 
unstable lesions. Examinations should be done as near the date of 
appointment as possible, and provision should be made to reéxamine all 
appointees at regular intervals throughout their tenure of office. 

The supervision of applicants with early lesions has clearly indicated 
that they can be stabilized reasonably promptly if the individual will 
codperate. Satisfactory results have been obtained by hospitalization 
of some, while others have been able so to restrict their activities at 
home that the lesion has regressed to a point of stability. These results 
have been more prompt above twenty-five years of age than below. 

These studies have also indicated the part that can be played by the 
family physician, as in all cases that were rejected or deferred the appli- 
cant sought the advice of one or more physicians or radiologists. Fur- 
thermore, as the work has progressed it has been found that many 
applicants secure an examination and radiograph prior to making applica- 
tion for a position. If a lesion is known to exist the applicant will fre- 
quently discuss the problem with the Department of Health to determine 
if he will be favorably considered. There has been a tendency for the 
private practitioners to consider cases with early lesions by radiograph 
as arrested on a short period of observation. Frequently the opinion 
of these physicians is based on the fact that the patient gives no history 
of exposure, is asymptomatic and has no physical findings to substantiate 
the X-ray lesion, or if there is evidence of slight regression of the lesion 
there is a tendency to consider it as of no clinical significance. Obviously 
any lesion undergoing a change should not be considered as arrested. 
Probably this opinion is due in part to an erroneous belief that a recom- 
mendation of deferral or rejection means that the applicant will have 
permanently lost his opportunity for appointment. The Department 
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of Health feels that when a lesion of limited extent can be safely adjudged 
as arrested, the applicant can be passed as satisfactory and therefore 
has approved the appointment of a number of cases either deferred or 
rejected on the basis of the original examination. Such decisions always 
take into account the occupation, age, sex, and race of the applicant. 
Preémployment examination including an X-ray film of the chest 
should be made available for all new employees entering city services. 
Furthermore, reéxamination by X-ray at periodic intervals is a necessary 
part of a complete control program. The frequency of such examina- 
tions should be based on the type of employment, the age, sex, and race 
of the employee. Since this service was started for the applicants to 
the Department of Health, we are now routinely X-raying applicants 
for the Fire Department, the Department of Education and Department 
of Licenses. Recently the Department of Sanitation has inaugurated 
the plan, making the preliminary X-ray film in their Department and 
referring problem cases to this Department for final decision. Also for 
some time the Civil Service Commission has referred to this Department 
all applicants for any position in whom there is evidence or a suspicion 
of pulmonary disease. The Department of Police, through its medical 
service, provides an X-ray film of all new patrolmen. The Department 


of Hospitals has had a similar program for all employees at the time of 
admission and annually thereafter unless otherwise indicated. 
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SURVEY OF 4972 FURRIERS 


In line with the Department’s plan of conducting surveys among vari- 
ous groups in the population, consideration has been given to employees 
in various industries. Organized labor is as interested in the health of 
its members as in their wages and general conditions of employment. 
In some unions complete medical services have been available for years 
assuring the members of ordinary medical care as well as hospitalization, 
sick benefits, and the like. It was believed that if an X-ray survey 
were sponsored by the union authorities there would be a greater likeli- 
hood of getting the members to have the tests and examinations made. 

The first survey among union workers was in codperation with the 
Furriers Joint Council. Others have followed and will be reported later. 

The fur industry in New York City may be broadly divided between 
those engaged in manufacturing and who are under the Furriers Joint 
Council, and those engaged in the various steps in the preparation of 
furs who are under the jurisdiction of the Joint Board of Fur Dressers 
and Dyers. The Furriers Joint Council has a membership of 15,000, 
and the Joint Board 5000, making a total of 20,000 persons working 
in this trade. 

The average wage of these workers is estimated at $1,500.00 per 
annum, ranging between $1,000.00 and $3,000.00 per annum, with the 
majority under $2,000.00. 

The peak of the season for manufacturing workers begins in the month 
of July and continues through November. Following that period there 
is equal division of work according to a labor agreement with the manu- 
facturing association. In the retail end of the industry, the peak of 
the season begins after Labor Day and runs until January. The majority 
of fur workers are completely unemployed at least three months of 
each year. 

While there are a number of racial stocks represented in this group of 
workers, those on the manufacturing end are predominantly Russians 
and Poles, whereas Italians predominate among the fur dressers and 
dyers. Generally speaking those engaged in manufacturing are highly 
skilled and of an older average age than those engaged in the preparation 
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of furs, including dressers and dyers. In this survey 4700 were in the 
manufacturing crafts and 272 from the dressers and dyers. 

The manufacturing end of the industry is divided into crafts, the 
members suffering from certain diseases as follows: the nailers, cutters, 
operators, finishers, and dyers from bronchitis, asthma, and various skin 
diseases; the cutters and the operators suffering also from certain eye 
conditions; while the nailers, who do the heaviest physical work suffer 
also from rheumatism and hernia. 

It is of interest to note that the Furriers Joint Council approached the 
Department of Health with a request for an X-ray survey. The survey 
was open to members of the above Council as well as to the members 
of the Joint Board of Fur Dressers and Dyers. They were both con- 
cerned with the prevailing respiratory symptoms among their members 
and were fearful that tuberculosis might also be a problem. 

The Educational Director with other officials in the Joint Council 
arranged for the survey. The X-raying was done in the Union Head- 
quarters where all members come for various purposes at fairly frequent 
intervals. The survey was started in May, 1939 just prior to the season 
of reémployment in the hope that then the members could be X-rayed 
in large numbers without interfering with their employment and income. 
This plan has since been proven to be less effective than the subsequent 
arrangements on a shop by shop basis during periods of employment. 
The workers were scheduled for examination at specified times usually 
during the lunch hour, or at the close of the work day. 

The Furriers Joint Council took complete responsibility for reaching 
the membership through newspaper, house organ, and poster publicity; 
also the various shop chairmen assumed responsibility for informing the 
members working under them. 

In this industry the workers are employed in small shop groups aver- 
aging 5 members, the largest employing 60. There was no compulsion 
used, each member being free to accept or decline the opportunity for an 
X-ray examination. 

Approximately 25 per cent of all fur workers were X-rayed, and of 
those represented by the Furriers Joint Council approximately one-third 
were X-rayed. There can be no question of the interest and enthusiasm 
of the Union leaders in putting the survey proposition before the mem- 
bers. However, the fact that the survey was made while large numbers 
of workers were unemployed affected the completeness of the survey. 
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ANALYSIS OF DATA 


The distribution of those X-rayed by age, sex, and color is shown in 
table 1. Of the 4972 radiographed, 4531 or 91.1 per cent were males 
and 441 or 8.9 per cent were females. The average age of the entire 
population was 40.1 years, with no significant difference between sexes. 

Chronic pulmonary tuberculosis: There were 346 or 7 per cent of the 
total population classified as having chronic pulmonary tuberculosis 
(table 2). Seven per cent of the males were so classified and 6.1 per 
cent of the females. There was only one Negro in this category. 


TABLE 1 
Distribution of 4972 individuals X-rayed—Furriers Joint Council, by age, race and sex 


ALL INDIVIDUALS 


4 
4 
14 
16 
5 
2 
3 
1 


l | 


4,972 | 4,531 4,923 


Significant pulmonary tuberculosis: There were 64 or 1.3 per cent of 
the total population adjudged as having active or clinically significant, 
pulmonary tuberculosis. All were in the white race except one Negro 
male (table 2). 

Fifty-four or 84.4 per cent of the active lesions were minimal, and 
included the single Negro male. Seven or 10.9 per cent were moderately 
advanced and three or 4.7 per cent were far advanced. There were 
twelve active cases, two having bacilli in their sputum, recommended 
for immediate hospitalization. 


86 
WHITE NEGRO 
AGE AND Sex Race 
Male | Female | White | Negro Male | Female | ME | Female 
15-19.9 42 41 | 1 42 —_— 41 1 —_ 
20-24.9 362 332 30 358 328 30 —_— 
25-29 .9 552 517 35 548 513 35 
30-34.9 808 745 63 794 733 61 2 
35-39 .9 940 854 86 924 839 85 1 
40-44 .9 696 612 84 691 607 84 
45-49 .9 589 511 78 587 509 78 _ 
50-54.9 431 389 42 428 387 41 1 
55-59.9 284 267 17 283 266 17 _— 
60-64 .9 178 174 4 178 174 4 
65-69 .9 63 62 1 63 _— 62 1 _ —_ 
70-74.9 24 24 24 24 _ 
75-79.9 2 2 2 2 
80-84.9 
85-89 .9 1 1 1 1 
REE 49 | 4,486 | 437 45 4 
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There were 271 or 5.5 per cent of the total] population, all white, 
classified as arrested, the males showing 5.6 per cent and the females 
3.9 per cent. 


TABLE 2 


Chronic and active* pulmonary tuberculosis found in 4,972 examinations—Furriers Joint 
Council, by age, sex and race 


CHRONIC PULMONARY TUBERCULOSIS ACTIVE* PULMONARY TUBERCULOSIS 


White White Negro 
Mal 


Male Female Mal 


Per cent 
Per cent 


20-24.9 4 
25-29 .9 8 
30-34.9 33 
35-39 .9 53 
40-44.9 38 
45-49 .9 49 
46 
34 
29 
15 
6 
2 
0 
1 


NS PSD | Per cent 


l wwe Number 


50-54.9 
55-59 .9 
60-64.9 
65-69 .9 
70-74.9 
75-79 .9 
80-84 .9 
85-89 .9 


| 


No 


=) 


= 

lL Per cent 


E 


Total. ...| 318 


* Clinically significant. 
DISCUSSION 


The findings presented in this study should not be considered as an 
accurate cross section of this industrial group, inasmuch as only 25 per 
cent of all fur workers volunteered to be examined. It is possible that 
a higher percentage of disease may have existed among the remainder, 
as those with suggestive symptoms or history of tuberculosis may not 
have been willing to codperate. Nevertheless the findings do indicate 
a real problem among these workers, but give no evidence to suggest 
that tuberculosis is an occupational problem in this industry. The small 
number of workers in a given shop would limit the possibilities of spread 
that might be a more potent factor in other industries where large num- 
bers work in a single room. 
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The average age of these workers (40.1 years) as well as their predomi- 
nant racial characteristics undoubtedly account for the high percentage 
of chronic pulmonary tuberculosis in an arrested stage. In the series 
of surveys presented in this report the furriers ranked next to prisoners 
and homeless transient males both of which groups presented an 
excessive amount of disease. On the other hand the prevalence of 
clinically significant tuberculosis in the furriers (1.3 per cent) was con- 
siderably less than in the aforementioned groups and more comparable 
to those we have surveyed with an average age of 30 years. If the pres- 
ent study of furriers might be considered as a fair sample then the entire 
membership would be expected to show approximately 260 with signifi- 
cant lesions. In view of the fact that the Union assumes some financial 
responsibility for the care of its members, the sick benefits or hospitaliza- 
tion required by a problem of this size would at once present a real eco- 
nomic problem to the Union. It is of interest to report that as a result 
of this survey the Furriers Joint Council provided hospital care for four 
of the cases recommended. One case classified as far advanced has since 
been discharged as arrested. Also the Council is using every effort to 
see that other members recommended for periodic examinations keep 
their appointments. 

The interest and codperation of the Union officials in this program has 
been of the greatest significance. Through the publicity accorded the 
survey through union channels a number of other organizations have 
requested similar studies, and thereby there has been awakened a real 
interest in disease prevention as a right of the member and a responsi- 
bility of the Union to its membership. The Furriers Joint Council has 
interpreted the findings among its members as of sufficient importance 
to provide for similar examinations in the coming year when it hopes 
to have nearer 100 per cent codperation. 

The cost of this survey was borne entirely by the Department of 
Health and WPA. There can be no question of the wisdom of the ex- 
penditures. The Union has accepted the responsibility and provided 
the resources for a continuing program among its membership. Subse- 
quent surveys should point the way to complete control of tuberculosis 
as a health problem in this industry. 


AN X-RAY SURVEY OF 65,459 RECIPIENTS OF HOME 
RELIEF IN THE HARLEM DISTRICT IN 
NEW YORK CITY! 


The Harlem area in New York City is characterized by a high per- 
centage of Negroes and Puerto Ricans and presents the highest tubercu- 
losis mortality of any area in the City. According to estimates pro- 
vided, 41 per cent of the families in this area are on Home Relief. 

A total of 65,459 individuals were X-rayed during the two-year period 
between December, 1936 and December, 1938 (table 1). Of all those 
persons classified as “unknown”’ as to race, 4,223 or 63 per cent did not 
give their place of nativity. This group was probably made up largely 
of Puerto Ricans of mixed racial stock. The only significant difference 
in the racial distribution by sex was in the proportion of males and fe- 
males born in the United States. A significantly higher proportion of 
females were born in this country. The average age of the entire popu- 
lation was 35.7 years with 68 per cent of the group falling between the 
ages of 22.1 and 49.3 years. The average age of the white population 


was 36.3 years, the Negro population 35.7 years, and the group of un- 
known racial composition 35.0 years. The average age of males was 
36 years, and of females 35.5 years. 


CHRONIC PULMONARY TUBERCULOSIS 


Among the 65,459 individuals X-rayed, 2,698 or 4.1 per cent were 
classified as chronic pulmonary tuberculosis, including both active and 
arrested (table 2). The average age of these individuals was 40.3 years. 
Seven hundred and forty cases were found in white individuals which 
represented 6.1 per cent of the entire white population X-rayed. 
Among the Negroes, 1,692 or 3.6 per cent of all those examined were 
found to have chronic pulmonary tuberculosis. There was no signifi- 
cant difference between the average age of white and Negro. Among 
the 6,647 individuals classified as “‘unknown”’ as to race, 266, or 4.0 per 
cent, were found to have chronic pulmonary tuberculosis. 


1 This section was prepared by Milton Kurzrok, M.D., and Peyton Anderson, M.D. 
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The average age of males with chronic pulmonary tuberculosis was 
38.7 years and of females 38.3 per cent. 

Of the 6,236 white males, 472 or 7.6 per cent were found to have rein- 
fection type tuberculosis. The average age of the cases found was 44.9 
years. As far as productivity of case-finding is concerned, this group 
was by far the highest, being more than twice that of the Negro females 


TABLE 1 


Distribution of 65,459 individuals X-rayed, lower Harlem district, by age group, sex and race 
1936-1938 


ALL INDIVIDUALS 


AGE GROUP 


Male 


47 
185 
749 
1651 
1549 
2464 
2684 
2755 
2096 
1564 
1147 

770 

492 

281 

78 

64 

20 

1 


37691/12187 18597 


35.5 | 36.3 ‘ -9| 35.6 | 34.8 


which had the lowest incidence of disease. Although white individuals 
comprised only 18.6 per cent of the population, they accounted for 
27.4 per cent of the cases of chronic pulmonary tuberculosis. Negroes 
comprised 71.2 per cent of the group X-rayed, and produced 62.7 per 
cent of the cases of chronic pulmonary tuberculosis. The unknown 
group with 10.2 per cent of the total population accounted for 9.9 per 
cent of reinfection tuberculosis found. 


| 
WHITE NEGRO UNKNOWN 
Sex | Race 
caxEs | Fe- : Un- Fe- Fe- Fe- 
Male | male White | Negro ome Male male | | anaie Male oie 
0- 4.9 154 73 81 32 105 17 20 12 58 6 11 
5- 9.9 593 259 334; 116 432 45 52 64 247 22 23 
10-14.9 2127 | 1003 | 1124) 319 | 1563 | 245 | 143 | 176 814 | 111 | 134 
15-19.9 5229 | 2438 | 2791) 1150 | 3598 | 481 | 572 | 578 1947 | 215 | 266 
20-24.9 6388 | 2298 | 4090) 1170 | 4485 | 733 | 451 | 719 2936 | 298 | 435 
25-29 .9 9456 | 3639 | 5817} 1639 | 6700 |1117 | 722 | 917 4236 | 453 | 664 
30-34.9 9476 | 3978 | 5498) 1657 | 6817 |1002 | 831 | 826 4133 | 463 | 539 
35-39.9 | 9457 | 4084 | 5373) 1669 | 6884 | 904 | 906 | 763 4129 | 423 | 481 
40-44 .9 7069 | 3151 | 3918) 1293 | 5105 | 671 | 737 | 556 3009 | 318 | 353 
45-49 .9 5279 | 2332 | 2947) 989 | 3801 | 489 | 557 | 432 2237 | 211 | 278 
50-54.9 3933 | 1776 | 2157| 741 | 2838 | 354 | 462 | 279 1691 | 167 | 187 
55-59 .9 2797 | 1201 | 1596} 601 | 1938 | 258 | 334 | 267 1168 97 | 161 
60-64 .9 1842 806 | 1036) 432 | 1231 | 179 | 229 | 203 739 85 94 
65-69 .9 1087 467 620} 250 746 91 | 146 | 104 465 40 51 
70-74.9 365 161 204 82 223 60 58 24 145 25 35 
75-79 .9 179 75 104 41 137 1 10 31 | 73 1 
80-84 .9 26 26 6 20 6 
85-89 .9 2 1 1 2 1 
Total. . .|65459 |27768 28028 (2935 |3712 
age.....| 35.7 | 36.0 


TABLE 2 


Chronic pulmonary tuberculosis found in 65,459 examinations—lower Harlem district, New York 
City, 1936-1938, by age group, sex and race 
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TABLE 3 


Active* pulmonary tuberculosis found in 65,459 examinations—lower Harlem district, 
1936-1938, by age group, sex and race 


AGE GROUP Unknown race Unknown race 


Male | Fe Male | Fe 
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| H 
Unknown 
Male | Fe | Male | Fe | wale| Fe | male | Fe | | mate | Fe 
0- 4.9 | 1 _ | 
5- 9.9 
10-14.9 2! 1] 6] 11} 2] 1.4 i 
15-19.9 2} 20} 7] 10] .3 1 i 
20-24.9 | 32| 5S] 9] 4.0 3 
25-29.9 | 40] 37] 82| 142) 26] 13] 5.5 3 
30-34.9 | 46] 36| 111 | 142] 27] 17] 5.5 4 
35-39.9 | 72] 31/|129| 124] 31] 20] 7.9 4 
40-44.9 | 61] 40] 97| 96] 23] 16] 8.3 4 
45-49.9 | 97| 74] 13] 613.3 6 
50-54.9 | 52] 15] 55] 6/11.3 7 
55-59.9 | 40] 19| 67] 54| 6] 5112.0 8 
60-64.9 | 33] 28] 23] 2| 4/14.4 5 
65-69.9 | 24] 3] 25] 25] 4] 4/16.4 8 
70-74.9 6 11} 2] 1110.3 14 
75-79.9 a: 10.0 | | 1 100.0 
80-84.9 1 16.7 
Total. ...| 472 | 268 | 812 | 880 | 154 | 112 | 7.6 | 5.2 | 3.0 i 
NUMBER PER CENT 
Male | Fe | Male | 
0- 4.9 1 | 
5- 9.9 
10-14.9 Oh: SE Bi 
15-19.9 1} 9] 15] 32] 6] 9 
20-24.9 | 12| 27] 68; 5] 8 
25-29.9 | 32] 30] 106} 23] 12 
30-34.9 | 31] 27| 86} 96] 18] 13 
35-39.9 | 56] 20] 98| 85] 26] 15 | 
40-44.9 | 44] 29] 63] 69| 14] 9 
45-49.9 | 45| 16] 74] 55| 8] 4 | 
50-54.9 | 33] 12] 36] 2] 4 
55-59.9 | 27| 14] 40} 25) 2] 1 
60-64.9 | 27] 11] 20) 13} 2] 1 
65-69.9 15 1/ 15} 12) 3] 4 
70-74.9 3 8| S| 2 1 t 
75-79.9 2 id 
Total....} 328 | 198 | 587 | 611 | 113 | 82 | | 
* Clinically significant. 
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Active pulmonary tuberculosis: Of the 2,698 cases of chronic pul- 
monary tuberculosis found, 1,919 were considered as active or clinically 
significant (table 3). 

Of the 1,919 active cases found, 1,420 or 74 per cent were minimal in 
extent; 339 or 17.3 per cent were moderately advanced; and 160 or 8.3 
per cent were far advanced. 

Thirty-seven or 0.1 per cent of the total were discovered with lesions 
characteristic of haematogenous pulmonary tuberculosis; (25 males and 
12 females). Seventy-seven (77) thoracoplasties and pneumothoraces 
(39 males and 38 females) were found in the entire group. In addition 
there were 5 cases with lesions strongly suggestive of pulmonary tuber- 
culosis who were being observed in order to establish a definite diagnosis. 


DISCUSSION 


A number of very interesting facts have come to light in this study of 
65,459 apparently healthy individuals. They were drawn almost ex- 
clusively from the Home Relief rolls, and over 70 per cent were Negroes 
living in a congested district. In this district of the City in 1938, the 
tuberculosis mortality rate of Negroes (213) was more than five times 
that of the white population (40.8). On the current assumption that 
the morbidity rate is directly proportional to the mortality rate, the 
prevalence of tuberculosis in the group examined was expected to be 
high with the major proportion of the morbidity occurring in the Negro 
population. 

Quite the contrary proved to be the case. The total prevalence of 
chronic pulmonary tuberculosis in the group was 4.1 per cent with 
2.9 per cent considered in need of further care or supervision. This is 
a somewhat higher morbidity rate than has been reported in other 
studies of the Home Relief population in New York (1). In Harlem 
of the 2,698 cases found, 740 occurred in the white population; 1,692 in 
the Negro population, and 266 in the population of unknown race. 
These cases represented 6.1 per cent, 3.6 per cent and 4.0 per cent of the 
total number of individuals X-rayed in the respective racial groups. 
This is the reverse of what would be expected from a study of racial 
mortality figures in this City, or in the district from which the cases 
were drawn. Nor is this attributable to a difference in the age distribu- 
tion of the population studied, for no statistically significant difference 
in their average ages was observed. 

More detailed analysis of the tuberculosis morbidity revealed a male 
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morbidity rate considerably higher than the female rate; 5.2 per cent 
as compared with 3.3 per cent. The difference was present in both 
racial groups, the highest rate being found in white males, 7.6 per cent, 
and the lowest in Negro females, 3.1 per cent. 

This racial disparity was not due to a larger proportion of arrested 
cases among white individuals; 29 per cent being arrested in this group, 
and 28.2 per cent in the Negro population. 

On the basis of these figures, a lower prevalence of chronic pulmonary 
tuberculosis among Negroes in the apparently healthy population 
X-rayed must be assumed. A number of explanations for this apparent 
paradox may be considered. 

The first is the extent to which the group studied was representative 
of the entire population of Harlem. The codperation of the group was 
poor, as only 15 to 20 per cent responded to the invitation for X-ray 
examination. This may be accounted for by the fact that nearly 
half the families were on relief and moved frequently so that it was 
difficult to find them at given addresses; and it is possible that the 
Negroes not examined contained a higher proportion of tuberculous 
individuals than the white persons who failed to be X-rayed. Although 
this factor may have existed, it is improbable that it is a sufficient ex- 
planation for the marked disparity. Other studies indicate a higher 
morbidity rate in the white population, even where codperation is almost 
universal. (See pages 96 and 109.) 

The next factor is the economic status of the two groups. In many 
white families, Home Relief represents a marked lowering of economic 
status, whereas a large proportion of the colored population find Home 
Relief no lower than the standard they have been accustomed to, and in 
some instances it may even represent improvement. The downward 
economic trend of the white families may have had a greater influence 
on tuberculosis morbidity than the stationary financial status of the 
Negro, though the level of the two groups at present is the same. 

Another factor to be considered is the migratory character of the 
Negro. A disporportionate part of his income has always been spent 
going home. Many visit the old home in the South or return to the 
West Indies as often as possible. In chronic or disabling illness the af- 
fection for home in some other state may be an irresistible call. This 
migratory characteristic of the Negro with the onset of sickness is a 
factor of considerable importance in tuberculosis control. 

There is another point of academic interest in that statistics covering 
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tuberculosis among the whites doubtless include many persons who have 
“escaped from the Negro race.” Available data indicate that the tuber- 
culosis mortality rate in this group is lower than in the full-blooded 
Negro, and higher than in the white population. 

Making full allowance for all the factors enumerated above, the dis- 
parity between the estimated and observed prevalence of tuberculosis 
in the apparently healthy population does not seem to be fully accounted 
for. It has already been shown that the Negro tuberculosis death 
rate is five times that of the white race. Study of the hospitalization 
of the tuberculous as of January 1, 1938 indicated 4,459 white, and 
1,026 colored persons in institutions; the colored persons comprising 
23 per cent of the total. On this same date, only 60 of the colored pa- 
tients were under treatment in city sanatoria for minimal or prognosti- 
cally favorable tuberculosis. 

From the above observations, it is obvious that if the same case fatality 
rate be assumed for Negro and white races, a much higher percentage 
with tuberculosis would be expected in the apparently healthy Negro 
population. Our investigations in Harlem have failed to confirm this. 
It is unlikely that the factor of selection or the failure of a large propor- 
tion of the Negroes with tuberculosis to be X-rayed is entirely responsible 
for the difference between an expected rate five times as high as that of 
the white population, and an observed rate half that of the latter group. 
Logically one might expect that a higher percentage of rapidly progressive 
forms, leading to more rapid death, accounts at least in part for the 
increased tuberculosis mortality in the Negro. This is consistent with 
the pathological characteristics of the disease in this race as described 
by Pinner and Kasper (2) and Everett (3) and the high incidence of ad- 
vanced lesions among the Negroes in institutions. 

Any discussion of the réle of biological variations, environment and 
dosage of infection in producing the increased case fatality in the Negro 
race lies outside the scope of this report. 


CONCLUSIONS 


The survey of 65,459 apparently healthy individuals X-rayed in 
Harlem in 1936, 1937 and 1938, revealed 4.1 per cent with chronic pul- 
monary tuberculosis with 2.9 per cent considered in need of further 
supervision. The morbidity rate was lower than would be expected 
of a population of this racial and economic composition; 6.1 per cent 
of the white population, 3.6 per cent of the Negro population, and 4.0 
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per cent of the population of unknown race were found to have chronic 
pulmonary tuberculosis. 

The highest rate was found in the white males and the lowest in the 
females of Negro and unknown race. 

The prevalence of tuberculosis increased with age in all groups. 

The relatively low morbidity in the Negro population may be at- 
tributed to several factors, most important of which is probably their 
increased case fatality rate. 

This material clearly indicates the impossibility of estimating mor- 
bidity on the basis of mortality tables at the present time. 
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TUBERCULOSIS SURVEY OF PRISON POPULATIONS 
OF NEW YORK CITY! 


Inmates of two institutions, the Riker’s Island Penitentiary and the 
House of Detention for Women, were included in this study. Both of 
these institutions are new, modern prisons, constructed within recent 
years and are under the jurisdiction of the New York City Department 
of Correction. The Riker’s Island Penitentiary houses between 2,500 
and 3,000 male inmates and has a yearly admission rate of approxi- 
mately 25,000 individuals, of whom about forty per cent are readmis- 
sions. It has a well-equipped hospital, a competent medical staff, 
and facilities for the care and isolation of about sixty tuberculosis pa- 
tients. The House of Detention for Women has about 500 inmates 
and a yearly admission rate of approximately 8,000. This institution 
also has adequate medical and hospital facilities commensurate with 
its needs. 

An important advantageous feature of this survey was the fact that 
adequate hospital facilities were directly available. This afforded the 
means for immediate admission of suitable cases, either for the purpose 
of isolation and treatment, or for further observation and more detailed 
study. 

While a considerable number of the cases showing tuberculosis lesions 
on the initial roentgenograms were subsequently studied in greater 
detail, both clinically and by means of the necessary laboratory proce- 
dures, it must be pointed out that the diagnostic evaluation of the char- 
acter and the significance of the pulmonary changes, was of necessity 
based largely on the radiographic findings. This was due mainly to 
circumstances peculiar to this type of institution, especially to the rapid 
turnover in a large proportion of the inmates. Because of this, many 
cases were not available for more complete study. From the point of 
view of accurate clinical appraisal of the material, this procedure has 
some distinct limitations. However, from the standpoint of a broad 
statistical analysis, the results obtained in such surveys would seem to 


1 This section was prepared by David Reisner, M.D. 
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be sufficiently reliable to permit a comparison with studies of other 
groups in which comparable diagnostic standards were used. 


ANALYSIS OF THE MATERIAL 


The total number of the individuals examined was 4,915 of whom 
3,892 were male inmates of the Riker’s Island Penitentiary and 1,023 
female inmates of the House of Detention for Women. Because of the 
different character of the institutions, and, furthermore, because of the 
vastly different results obtained in these two groups, it is necessary to 
consider them separately. 


TABLE 1 
Distribution of 1,023 individuals X-rayed—House of Detention, females, 1938, by age group 
and race 


AGE GROUP 


15-19.9 
20-24.9 
25-29 .9 
30-34 .9 
35-39.9 
40-44 .9 
45-49 .9 
50-54.9 
55-59 .9 


1 


422 596 


House of Detention—Females: Of the 1,023 inmates, 422 or 41.3 per 
cent were white and 596 or 58.3 per cent were Negro (table 1). The 
remaining 5 individuals were classified as of unknown racial stock. The 
average age of the entire group was 31.5 years. More than one-half of 
the total fell in the age group between twenty and thirty years. The 
average age of the Negro inmates was 29.2 years, while that of the white 
group was 34.4 years (table 1). 

Radiographic evidence of chronic pulmonary tuberculosis was found 
in 38 cases or in 3.7 per cent of the total (table 2). Of these 27, or 2.6 
per cent, were classified as healed or arrested lesions, while in only 10 


: 
ALL INDIVIDUALS 
NUMBER X-RAYED |___ 
White Negro Unknown j 
47 19 28 
302 83 217 2 
233 77 156 
171 70 100 1 
105 57 47 1 
81 50 31 
45 35 10 
23 18 5 
6 6 
60-64.9 3 3 
65-69 .9 3 2 1 
70-74.9 1 1 
Unknown 3 1 | 1 
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cases, or in 1.0 per cent, were the changes considered as active (table 
3). Of the latter group the lesions were found to be of a minimal extent 
in nine instances and only one case presented a far advanced stage of the 
disease. One case was designated as suspicious. It is of interest to 


TABLE 2 


Chronic pulmonary tuberculosis found in 1,023 examinations—H ouse of Detention, females, 1938, 
by age group and race 
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TABLE 3 


Active* pulmonary tuberculosis found in 1,023 examinations—House of Detention, 1938, by 
age group and race 


NUMBER PER CENT 
AGE GROUP 


White—female Negro—female White—female Negro—female 


20-24.9 0.5 
25-29.9 0.6 
30-34.9 1.0 
35-39.9 ‘ 2.1 


* Clinically significant. 


point out that among the white inmates 5.5 per cent showed findings 
indicative of chronic pulmonary tuberculosis, while among the Negroes 
these were present in only 2.5 per cent. It is also noteworthy that the 
average age of the white individuals with tuberculous changes was 


NUMBER | PER CENT 
White Negro White Negro 
20-24.9 1.4 
25-29.9 4.5 
30-34.9 1.0 
35-39.9 2.1 
40-44.9 
45-49.9 30.0 
50-54.9 
55-59.9 
60-64.9 
40-44.9 i 2.0 
45-49 .9 
50-54.9 
55-59.9 1 16.7 
6 | 4 1.4 ‘| 0.7 
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41.5 years, about seven years higher than that of the total white group. 
No pronounced difference in this regard was noted among the Negro 
inmates. 

Riker’s Island—Males: The population examined comprised 3,892 
individuals. Of these 2,680, or 68.9 per cent, were white, 1,138 or 
29.2 per cent, were Negroes, and the remainder, 74, or 1.9 per cent, was 
classified as “unknown” because of incomplete data (table 4). The 
ages ranged between 15 and 80, the average being 38.5 years. More 
than one half of the total fell between the ages of twenty and forty. 


TABLE 4 


Distribution of 3,892 X-rayed—Riker’s Island Penitentiary, 1938 (long and short termers, male), 
by age group and race 


AGE GROUP NUMBER X-RAYED 


Unknown 


15-19.9 73 
20-24.9 430 
25-29 .9 572 
30-34.9 578 
35-39 .9 645 
40-44.9 457 
45-49 .9 430 
50-54.9 323 
55-59.9 182 
60-64.9 122 
65-69 .9 57 
16 

4 

1 

2 


3892 2680 1138 74 


The average age of the white men was considerably higher than that of 
the Negro group, being 40.5 years in the former as against 33.8 in the 
latter. 

Chronic pulmonary tuberculosis of all forms was found in 411 indi- 
viduals or in 10.6 per cent (table 5). Of these, the lesions were regarded 
as apparently healed or arrested in 223 cases, or in 5.7 per cent, while in 
175 individuals, or in 4.5 per cent, the tuberculous changes were con- 
sidered as clinically significant, either definitely active or presumably 
active (table 6). The remaining 13 cases, or 0.3 per cent, were classi- 


ALL INDIVIDUALS 
White Negro | 
44 29 
244 184 2 
301 259 12 
350 221 7 
412 208 25 
370 77 10 
345 76 9 
281 36 6 
159 22 1 
107 14 1 
48 8 1 
15 1 
2 
1 
2 
Total............| 
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TABLE 5 


Chronic pulmonary tuberculosis found in 3,892 examinations—Riker’s Island Penitentiary, 
male, 1938 (long and short termers), by age group and race 


AGE GROUP 


15-19.9 
20-24.9 
25-29 .9 
30-34.9 
35-39 .9 
40-44.9 
45-49 .9 
50-54.9 
55-59 .9 
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TABLE 6 


Active* pulmonary tuberculosis found in 3,892 examinations—Riker’s Island Penitentiary, 
male, 1938 (long and short termers), by age group and race 


AGE GROUP 


& 


15-19.9 
20-24.9 
25-29 .9 
30-34.9 
35-39 
40-44.9 
45-49 .9 
50-54.9 
55-59 .9 
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* Clinically significant. 


fied as suspicious. The average age of the group with chronic pul- 
monary tuberculosis was 44.9 years, which is 6.5 years more than the 
average age of the total male population. This is partly accounted 


| NUMBER PER CENT 
| White Negro Unknown | Negro Unknown 
3.4 
7 
15 1 25.0 
26 42.9 
42 16.0 
58 20.0 
64 22.2 
47 33.3 
37 
60-64 .9 17 100.0 
65-69 .9 14 
70-74.9 4 
Total.... | 331 |_| |_| 23.0 
| NUMBER PER CENT 
White | Negro Unknown | Negro | Unknown 
3.4 
1 1.6 
7 1 1.9 8.3 
8 2 28.6 
20 2 1.9 8.0 
25 3.9 
27 1 3.9 11.1 
22 1 16.7 
18 4.5 
60-64 .9 4 100.0 
65-69 .9 7 12.5 
70-74.9 1 
Tetel, ii. 140 27 8 | 2.4 10.8 
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for by the prevalence of tuberculous changes among the white inmates 
who showed a higher average age than the Negroes. 

Short and long term inmates: Because of significant differences in 
the types of the male prison population, it is deemed essential to divide 
these inmates into two distinct groups and to consider the results of this 
survey separately for each of these groups. According to the prison 
authorities one group comprises inmates of the ‘‘workhouse”’ or short- 
term prisoners, while the other consists of penitentiary inmates proper 
who are designated as long-term prisoners. Individuals of the former 


TABLE 7 


Distribution of 2,546 individuals X-rayed—Riker’s Island Penitentiary, male, 1938 (short termers), 
by age group and race 


NUMBER X-RAYED, 


AGE GROUP ALL MALE 


Unknown 


15-19.9 26 
20-24.9 201 
25-29.9 302 
30-34.9 329 
35-39 .9 421 
40-44.9 
45-49 .9 
50-54.9 
55-59 .9 
60-64.9 
65-69 .9 
70-74.9 
75-79.9 
80-84.9 
Unknown 


1867 58 


group are committed to the institution because of minor offenses, such 
as disorderly conduct, vagrancy, alcoholism, efcetera, and serve a sen- 
tence of not more than thirty days. In the group of long-term prisoners 
are included individuals committed for various periods ranging between 
sixty days and three years. The short-term group consists largely of 
persons of an extremely low social and economic level, who, in most 
instances, are homeless and unattached, without family ties and shift- 
less. The majority of them are middle-aged individuals. The long- 
term inmates represent a considerably younger group and are generally 
of a higher economic standard. 


ALL INDIVIDUALS 
White Negro 
15 11 
106 93 : 
164 129 
216 109 
283 119 1 
285 46 
276 53 
233 26 
138 16 
95 9 
41 6 
12 1 
2 1 
2 
1 
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Short term group: This group comprised 2,546 individuals, or 65.4 
per cent of the total male inmates (table 7). The average age of the 
entire group was 42.2 years. In the white individuals the average 
age was ten years higher than in the Negroes, being 45.2 in the former 
as against 35.2 in the latter. 

Roentgen findings indicative of chronic pulmonary tuberculosis (table 
8), were observed in 328 instances or in 12.9 per cent. In 171 cases, or 
in 6.7 per cent, the changes were considered as of no clinical significance, 
while in 150 cases, or in 5.9 per cent, they fell into the group of active 
or probably active lesions (table 9). In 7 cases the changes were classi- 


TABLE 8 


Chronic pulmonary tuberculosis found in 2,546 examinations—Riker’s Island Penitentiary, 
male, 1938 (short termers), by age group and race 


AGE GROUP 


ne 
AWE Uw 
Cor 


5 3.8 
7.3 
6 6.9 
3 2.0 
2 6.8 
6 9.9 
6 8.5 
1 6.1 
1 6.8 
3 3 


an 


37 14 14.8 6.0 24.1 


fied as suspicious. Of the 150 cases with clinically significant lesions, 
85, or 56.7 per cent, were in the minimal stage, 49, or 32.7 per cent, 
moderately advanced and 16, or 10.7 per cent, far advanced. 

The average age for the white inmates with either type of lesions was 
approximately the same, namely, 47.5 years. The greatest proportion 
of positive cases, ranging between 16.8 per cent and 26.1 per cent, was 
found in individuals in the fifth, sixth and seventh decades of life. 
Among the Negroes, 2.6 per cent showed apparently healed or arrested 
lesions and 2.9 per cent clinically significant changes. The average 
age of Negroes with lesions of an inactive type was 47.2 years, while the 
average age of those showing active disease was only 31.4 years. 


NUMBER PER CENT 
White Negro Unknown White Negro Unknown 
20-24.9 4 5.4 
25-29.9 12 
30-34.9 15 50.0 
35-39.9 34 21.1 
40-44 .9 48 25.0 
45-49 .9 55 14.3 
50-54.9 43 33.3 
55-59 .9 36 
60-64.9 16 100.0 
65-69 .9 12 
70-74.9 2 
; 277 
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Long term group: Thirteen hundred and forty-six individuals, or 34.6 
per cent of the total male inmates, were included in this category (table 
10). Their ages ranged between 17 and 73 years, the average being 


TABLE 9 


Active* pulmonary tuberculosis found in 2,546 examinations—Riker’s Island Penitentiary, 
male, 1938 (short termers), by age group and race 


NUMBER 
AGE GROUP 


Al oP 


125 
* Clinically significant. 


TABLE 10 
Distribution of 1,346 individuals X-rayed—Riker’s Island Penitentiary, male, 1938 (long 
termers), by age group and race 


ALL INDIVIDUALS 


NUMBER X-RAYED, 
AGE GROUP 


Negro 


15-19.9 18 
20-24.9 91 
25-29 .9 130 
30-34.9 112 
35-39 .9 89 
40-44.9 31 
45-49 .9 23 
50-54.9 10 
55-59.9 6 
60-64.9 
65-69 
70-74.9 
Unknown 


PER CENT 
White Negro Unknown White Negro Unknown 
20-24.9 1 2 0.9 2.2 
25-29 .9 5 3 1 
30-34.9 6 5 2 4.6 50.0 
35-39 .9 17 1 2 0.8 10.5 
40-44.9 | 22 2 4.3 : 
45-49 .9 24 3 
50-54.9 21 1 16.7 
55-59 .9 18 1 6.3 
60-64.9 4 1 100.0 
65-69 .9 6 1 16.7 
70-74.9 1 
18 7 2.9 | 3.2 
White Unknown 
3 
3 
6 
2 
2 
1346 813 517 16 
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34.1 years, that is, eight years less than that of the short-term group. 
In the white inmates the average age was 35 years, in the Negroes, 
32 years. 

The prevalence of chronic pulmonary tuberculosis (table 11) was de- 
cidedly lower in this group, amounting to 6.2 per cent, or less than one- 
half the proportion found among the short-termers. While tuberculous 
changes appeared to be more frequent among the white inmates than 
in the Negroes, the difference between 6.6 per cent for the former and 
5.0 per cent for the latter, is not striking. 


TABLE 11 
Chronic pulmonary tuberculosis found in 1,346 examinations—Riker’s Isiand Penitentiary, 
males, 1938 (long termers), by age group and race 


NUMBER PER CENT 
AGE GROUP 
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15-19.9 
20-24.9 
25-29 .9 
30-34.9 
35-39 .9 
40-44.9 
45-49 .9 
50-54.9 
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Of the total number of 83 cases with tuberculous lesions found in this 
group, 52 individuals, or 3.9 per cent showed old, apparently healed or 
arrested changes, 25, or 1.9 per cent, active or probably active lesions 
and in 6 instances, or 0.4 per cent, the changes were classified as suspi- 
cious. Of the 25 cases with clinically significant lesions (table 12), 
17 were minimal in extent, 4 moderately advanced and 4 far advanced. 
There was practically an equal distribution of the significant lesions 
between the white and colored inmates, 1.8 per cent in the former and 
1.7 per cent in the latter. Arrested or apparently healed changes, 
however, appeared to be more frequent in white individuals, amounting 
to 4.6 per cent, as against 2.5 per cent for the Negro group. 


White | Unknown 
33.3 
1 33.3 
1 
50.0 
55-59 .9 
60-64.9 
65-69 .9 
70-74.9 
Total.....| 3 | 
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The average age of the white individuals with tuberculous lesions 
was higher than the average age for the total white group, amounting 
to about 42 years. It was about the same in both active and inactive 
cases. The Negroes showing active tuberculous changes were of a 
younger age group, their average age being 31.4 years and correspond- 
ing with the average age of the total Negro inmates in this group. 


TABLE 12 


Active* pulmonary tuberculosis found in 1,346 examinations—Riker’s Island Penitentiary, males, 
1938 (long termers), by age group and race 


NUMBER PER CENT 


AGE GROUP 
Negro Negro 


15-19.9 
20-24.9 
25-29.9 
30-34.9 
35-39 .9 
40-44.9 
45-49 


* Clinically significant. 


DISCUSSION 


The results of this survey disclosed marked variations in the distribu- 
tion of tuberculous lesions among the groups comprising the prison 
population. The prevalence of chronic pulmonary tuberculosis was 
found to be greatest in the male short-term group; it was considerably 
lower among the male long-term prisoners and still lower in the female 
inmates. Expressed in a numerical ratio, the proportions found in the 
three groups, in the order just mentioned, are approximately 4 to 2 to 1. 
If the frequency of clinically significant lesions alone is considered, the 
disparity is even greater, namely, 6 to 2 to 1. 

In analyzing these findings it is necessary to consider the following 
factors: the social and economic conditions, the age, race, and sex. This 
is essential, first of all, for the proper evaluation of the results obtained 
in the study of this particular population. Beyond that, however, a 


Unknown 
1 5.6 
1 1.1 
2 1.5 1.5 
fe 1 1.5 0.9 
3 3 2.3 3.4 
3 1 3.5 3.2 
3 1 4.3 50.0 
50-54.9 1 2.1 
55-59.9 
60-64.9 
65-69.9 1 14.3 
Total.....| | 18 | 9 1 | 1.8 1.7 6.3 
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consideration of these factors may also be of some value from a broader 
epidemiological aspect. 

While it is true that the social and economic standard of the prison 
population in general is quite low, yet decided differences seem to exist 
in this respect between the various categories of inmates. As was 
pointed out, the inmates included in the short-term group originate 
largely from extremely low social and economic strata. This undoubt- 
edly accounts to a considerable extent for the high proportion of tuber- 
culous lesions observed in this group. 

The age factor appears to be of decided significance in view of the 
fact that the frequency of tuberculous changes was considérably greater 
in the higher age groups. As shown in the tables, there was a steady 
rise with increasing age. In the higher age groups among the male 
inmates the prevalence was as high as 18 and 20 per cent. This may 
be regarded as further explanation of the large proportion of tubercu- 
lous lesions found among the male short-termers, since this group con- 
sisted predominantly of middle-aged and elderly people. The high 
incidence in the older age groups of the male prison inmates is in line 
with the peak of the tuberculosis death rates in the general male popu- 
lation (Drolet). 

As regards the racial factor, the results obtained in this study seem to 
indicate a striking discrepancy between morbidity and mortality 
rates. It is well known that the death rate from tuberculosis among the 
Negroes greatly exceeds that of the white population, the ratio for 
New York City being approximately 5 to 1. In contrast to this, the 
prevalence of tuberculous lesions found among the prison Negro in- 
mates, amounting to less than one-half the rate observed in white 
individuals. This disporportion was equally true for both arrested or 
apparently healed lesions and for clinically significant changes. 

In attempting to explain this apparent discrepancy, it was at first 
thought that the numerical disproportion between the white and Negro 
male inmates may have influenced the results obtained in this survey, 
in view of the fact that Negroes amounted to less than 30 per cent of 
the total male inmates. However, the same disproportion was found 
among the female inmates in spite of the fact that Negroes were in the 
majority. As regards the male group, the age factor is probably of 
some consequence since the Negro male inmates were generally of a 
younger age than the white individuals. More important than this, 
however, seems to be another consideration, and that is the well known 
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fact that the course of the disease is so often of an acute and progressive 
character in Negroes. It is conceivable that from this point of view 
the Negro prison inmates represent a selected group, inasmuch as indi- 
viduals with manifest clinical disease are likely to be removed from the 
ranks of the apparently healthy. 

Similar disporportions in the prevalence of tuberculosis between 
white and Negro groups were observed in other surveys recently carried 
out in New York City. In contrast to the comparatively low frequency 
found in studies of apparently healthy Negro groups, the percentage of 
Negro patients in municipal tuberculosis hospitals is about five to six 
times greater than the estimated proportion of Negroes in the total 
population of New York City. These observations, if corroborated by 
further studies, would indicate that the ambulatory, the so-called “‘good 
chronic” with relatively benign lesions, are apparently much less fre- 
quent among Negroes than in the white population. 

The prevalence of tuberculosis in the female inmates was surprisingly 
low, especially the frequency of clinically significant lesions which 
amounted to only one per cent. To be sure, the disproportion between 
the male and female inmates is, to some extent, in line with the distribu- 
tion of the tuberculosis morbidity and mortality among the sexes in the 
general population. However, the discrepancy was considerably greater 
in the material of this survey. Significant factors, which apparently 
have a bearing on the comparatively low proportion of tuberculous 
lesions in the female group, are the age and racial distribution. The 
average age of the female inmates amounted to more than thirty years, 
in the white individuals to more than thirty-four years. This is well 
beyond the peak of the tuberculosis mortality reported for females. 
As to the racial distribution, as mentioned before, the Negroes formed a 
majority of the total group, the proportion between whites and Negroes 
being approximately two to three. The prevalence of tuberculous 
changes, however, was considerably lower in the Negroes, amounting to 
less than one-half the rate found among white individuals (2.5 per cent 
as against 5.5 per cent). The point previously mentioned in connection 
with the male group, that is, the peculiar character and course of the 
tuberculous infection in Negroes in general, which may result in elimina- 
tion of many cases of manifest clinical disease from the group of the 
apparently healthy, could be responsible for this seemingly paradoxical 
situation. Furthermore, it is known that female individuals are more 
apt to seek medical attention than males. This again is likely to in- 
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fluence the results obtained in surveys of apparently healthy adult 
groups. In this connection it may be of interest to mention that the 
majority of tuberculous lesions found among the female prison inmates 
were of a clinically insignificant character. 

A few general remarks should be added regarding the value of the 
information obtained from this study. The reported findings clearly 
indicate that tuberculosis represents a major health problem in prison 
populations, especially among the older age groups of the white in- 
mates. The majority of the cases, among whom there was a large pro- 
portion of active and open lesions, were discovered through the survey 
and were not previously known. From a public health point of view, 
the hazard resulting from the presence of a large number of unknown 
and uncontrolled sources of infection, both within and outside the prison 
confines, is quite obvious. 

The most desirable approach to the tuberculosis control in these in- 
stitutions would be to establish facilities for routine, preferably periodic, 
roentgen-ray examinations of the chest of all inmates, as an essential 
part of a permanent prison health program. 


SUMMARY 


A report of a survey for pulmonary tuberculosis in a group of nearly 
5000 prison inmates in New York City is presented. 

The results indicate marked variations in the frequency of chronic 
pulmonary tuberculosis among the several groups comprising the prison 
population. The greatest prevalence was found in middle-aged and 
elderly white individuals, the lowest among the Negro female inmates. 

The significance of social and economic conditions, age, race and sex, 
and their influence on the prevalence and distribution of tuberculosis 
among the various groups of the prison population, is discussed. 

The findings obtained on the basis of this study indicate that tuber- 
culosis represents a major health problem in the prison population. It 
is hoped that adequate facilities may be established to make routine 
roentgenographic studies of the chest an essential part of an efficient 
prison health program. 


The author desires to express his appreciation and thanks to the officials and the medical 
staff of the Department of Correction for their fine codperation and continued interest which 
made this study possible. Special thanks are due to Dr. Peter F. Amoroso, Deputy Com- 
missioner of the Department of Correction; Warden McGee, in charge of the Riker’s Island 
Penitentiary; Miss Ruth Collins, Superintendent of the House of Detention for Women; 
and Drs. H. Baxt and A. Nimelman, Medical Officers in charge. 


‘ 
ij 


SURVEY OF HOMELESS AND NON-SETTLED MALES 
IN NEW YORK CITY! 


The homeless and non-settled males are one of the major public health 
problems of New York City. Each year thirty thousand such men 
come under the jurisdiction of the Department of Welfare of New York 
City. Less than 5 per cent of the total are true transients. These are 
legal residents of some other community, who are in New York City 
temporarily, usually in the course of transit. Approximately one thou- 
sand more are seamen who have no permanent residence, but make New 
York their home between voyages. The remainder, and by far the 
largest group, are the non-settled males. Legal settlement in this 
City is established by continuous residence for one year without recourse 
to public assistance during that time. Many of the non-settled group 
remain in the City only part of the year, leaving in the summer months 
to engage in various types of migratory labor, such as farming and fruit 
and berry picking. Others stay in New York the year round. In 
either instance, during a large portion of the year, and particularly the 
winter months, these men live in the City in a state of indigency as 
public charges. The average census of the Division of Homeless and 
Non-Settled Males of the Department of Welfare is nine thousand to 
twelve thousand. Fairs and other major public events may swell the 
total to fifteen thousand or higher. 

While under the jurisdiction of the Department of Weifare the men 
receive assistance in the form of board and lodging. Meals are served 
to them at one of the three municipally operated shelters for men. 
Lodging consists of a bed in one of the shelters, or in a commercial hotel. 
One municipal shelter, with accommodations for approximately five 
hundred men, is utilized for the care of individuals with known physical 
impairments, such as cripples, diabetics, cardiacs and convalescents 
recently discharged from hospitals. In this institution individual rooms 
and superior accommodations are provided. In the other lodging houses 
and the commercial hotels the men sleep in close proximity in dormitories. 
Sanitary provisions are the best possible under the circumstances. 


1 This section was prepared by Arthur B. Robins, M.D. 
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When not eating or sleeping in the shelters and hotels, the men are 
entirely free to come and go. They spend their time as they see fit, 
frequenting public buildings and places, sitting in the parks, lounging 
about the streets, and freely mingling with the rest of the community. 
On occasion they secure odd jobs, usually handling food in hotels, 
cafeterias and restaurants. Control of the activities of this group is 
impossible. When acutely ill they must be treated in hospitals, and their 
periodic medical supervision in clinics is incomplete and unsatisfactory. 
As a result, communicable disease, and in particular tuberculosis, among 


TABLE 1 
Distribution of 4,716 males X-rayed—municipal lodging house, 1938, by age group and race 


ALL INDIVIDUALS 
AGE GROUP 


15-19.9 
20-24.9 
25-29 .9 
30-34.9 


4716 588 13 


these men is a hazard shared by the entire populace. Opportunities 
for its dissemination are manifold, and facilities for its control inadequate. 

Closely allied to the homeless and non-settled males are the single 
men receiving domiciliary care. This large group, approximately 
twenty-five thousand in number, is comprised of individuals living alone 
in single rooms and supported by the Department of Welfare. With 
the exception of the isolation provided by separate sleeping quarters, 
the conditions of life of this group are similar to those of the homeless 
men. They eat in public restaurants, spend their day in public places 
if they so choose, and receive their medical care in public institutions. 


White Negro Unknown 
1 1 
101 46 55 
170 110 60 
270 198 72 
35-39.9 445 340 104 1 
40-44 .9 543 457 83 3 
45-49 .9 634 557 73 4 
50-54.9 733 679 54 
55-59 .9 728 687 41 
60-64.9 551 523 25 3 
65-69 .9 356 339 15 2 
70-74.9 136 133 3 
75-79.9 40 38 2 
80-84 .9 7 6 1 
85-89 .9 1 1 
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Clinic supervision or home treatment of these men is equally difficult. 
This group constitutes almost as great a public health problem as the 
homeless and non-settled males and any consideration of tuberculosis 
in the homeless men should apply equally to those under domiciliary care. 

In 1938 the Bureau of Tuberculosis of the Department of Health 
undertook an investigation of the tuberculosis problem among the 
homeless and non-settled males. With the codperation of the Depart- 
ment of Welfare, 4,716 men were X-rayed in four studies. The distribu- 
tion of this group by age and race is shown in table 1. All groups, with 
the exception of seamen and those under domiciliary care, were included. 

Four thousand one hundred fifteen, or 87.3 per cent of the entire group 
were white, 588 or 12.5 per cent Negro, and the remaining 13 persons 
Asiatic, or race not stated. The average age of the men was 50.5 years. 
Three fourths of the Negroes were below this age, and more than half 
the whites above it. 


CHRONIC PULMONARY TUBERCULOSIS 


Seven hundred fifty-four cases of chronic pulmonary tuberculosis 
were found (table 2), a prevalence of 16.0 per cent. Two hundred and 
fifty of the cases were considered clinically active (table 3) and 504 


arrested, a ratio of one active to two arrested cases. Two hundred 
and thirty-one of the clinically active cases occurred in white males, 
and 17 in Negro males. The prevalence of active tuberculosis in the 
white population was 5.6 per cent and in the Negro population 2.9 per 
cent. The average age of those with active tuberculosis was 52.2 years. 
More than half the white males with active tuberculosis were over 50, 
whereas 70 per cent of the Negroes with active tuberculosis were under 
this age, paralleling the age distribution of the two racial groups. 

Four hundred eighty-seven of the 504 arrested cases occurred in white 
men, and the remaining 17 in Negro men. ‘Theaverage age of those with 
arrested tuberculosis was 56.6 years, and the prevalence of arrested 
tuberculosis rose steadily with the age of the population examined. 

One hundred six or 42.4 per cent of the 250 active cases were in the 
minimal stage, 103 or 41.2 per cent in the moderately advanced stage, 
and 41 or 16.4 per cent in the far advanced stage of tuberculosis when 
first discovered. Thirty-eight of the 231 white males, and 3 of the 17 
Negro males had far advanced lesions. More than 50 per cent of all 
active cases occurred in the age groups between 45 and 60, irrespective 
of stage. Hospitalization in municipal tuberculosis institutions was 
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TABLE 2 


Chronic pulmonary tuberculosis found in 4,716 examinations—municipal lodging house, 
1938, males by age group and race 


AGE GROUP 


20-24.9 
25-29 .9 
30-34.9 
35-39 .9 
40-44.9 
45-49 .9 
50-54.9 
55-59 .9 
60-64.9 
65-69 .9 


TABLE 3 
Active* pulmonary tuberculosis found in 4,716 examinations—municipal lodging house, 
1938, males, by age group and race 


AGE GROUP 


w 


20-24.9 
25-29 .9 
30-34.9 
35-39 .9 
40-44.9 
45-49 .9 
50-54.9 
55-59 .9 


an 


wm 


* Clinically significant. 


provided for a considerable proportion of the active cases, and most 
of the others are under clinic supervision. 


NUMBER PER CENT 
White Negro Unknown White Negro Unknown 
2 1 4.3 1.8 
4 3.6 
11 6 5.6 8.3 
41 2 12.1 1.9 ; 
50 5 10.9 6.0 
93 S 1 16.7 6.8 25.0 
121 5 17.8 9.3 
150 4 21.8 9.8 
118 6 1 22.6 24.0 33.5 
89 26.3 
70-74.9 26 19.5 
75-79.9 10 26.3 
80-84.9 3 50.0 
ee 718 34 2 17.4 5.8 15.4 
NUMBER PER CENT 
White Negro Unknown White Negro Unknown 
2 1 || 1.8 
3 
6 4 5.6 
16 1 1.0 
22 3 3.6 
39 3 1 4.1 25.0 
A 41 1 1.9 
50 
60-64 .9 26 4 1 16.0 34.3 
65-69 .9 17 
70-74.9 8 
75-79 .9 1 
Total.....| 231 17 2 | 2.9 15.4 
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SUMMARY 


The results of the surveys among the homeless and non-settled males 
strikingly illustrate the seriousness of the problem in this group. Sixteen 
per cent of the men have chronic pulmonary tuberculosis, one third oi 
which is of clinical importance. In the case of the tuberculous, the 
need for institutional care is urgent. The continuance of unregulated 
open cases in the community is a potent source of dissemination of the 
disease and a constant danger to the rest of the population. A program 
of tuberculosis control in this group must rely on three weapons. Case- 
finding is paramount. X-ray examination of all homeless men must 
be performed, and the extent and location of the problem exactly defined. 
Isolation of the open and active cases is next m st important, and must 
be rigidly enforced, employing hospitals, shelters, or other facilities at 
hand. Lastly, adequate medical supervision must be provided so that 
changes in the status of men suffering from tuberculosis can be immedi- 
ately detected and proper therapy instituted. Fortunately, a program 
embodying these three essentials is well under way. 
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AN INQUIRY INTO THE IMPORTANCE OF THE RACIAL 
FACTOR IN THE EPIDEMIOLOGY OF 
TUBERCULOSIS! 


INTRODUCTION 


The tuberculosis death rate among Negroes in Charleston, South 
Carolina, prior to the Civil War was no greater than that among white 
people generally, and was lower than among “poor whites,” according 
to Jones (1) and later Bushnell (2). During pre-Civil War days, the 
Negro, representing an investment to his white master, was treated with 
the same care as any other valuable property. He was accorded decent 
living conditions, including housing and food, and his exposure to tuber- 
culosis was no greater than that of his white master. Subsequent to the 
Civil War, however, the Negro, entirely unprepared to care for himself, 
was thrown upon an oftentimes unsympathetic world. His living con- 
ditions became rapidly worse and his exposure to tuberculosis increased 
proportionately. Hoffman (3) wrote in 1896, ‘This change in the sus- 
ceptibility of the colored race to consumption, if supported by other facts, 
may be considered, next to the excess in infant mortality, a distinct race 
characteristic.” Terry (4) arrived at a similar conclusion in 1929 and 
wrote in part “It has been remarked that the discrepancy in suscepti- 
bility to tuberculosis between whites and Negroes proved by many ob- 
servations is too great to be charged to differences only in the sanitary 
surroundings and that it indicates the probable influence of constitu- 
tional weakness in the colored man.” 

Until recent years the thought persisted that the Negro was more 
susceptible to tuberculosis because of a racial factor. Others believed 
that the incidence of tuberculosis was mainly dependent upon the eco- 
nomic status of the group involved and therefore considered it a class 
disease. Gradually the consensus veered away from the former belief. 
Accumulating medical evidence supports the theory that economic status 
and its attendant environment are the primary factors in determining 
the incidence of tuberculosis, with race playing a minor part in morbidity 
and a major part in mortality. 


1 This section was prepared by John B. West, M.D., Health Officer, Central Harlem 
Health Center District. 
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Bogen (5), as a result of a statistical study, believed that the racial 
susceptibility of the Negro to tuberculosis was not as great as appeared 
on the surface, and that the disparity between black and white death 
rates from tuberculosis was in part due to thefact that the Negro applies 
for treatment in the late stages of the disease. Walsh and Mason (6), 
in an independent study, arrived at similar conclusions. Carter (7) 
concluded from a study including 1700 Negroes and 5000 whites, that, 
placed under the same or similar environmental conditions, whites im- 
proved much more rapidly than the Negroes, and that the mulatto fell 
into an intermediate group. Carter’s findings were quite in keeping 
with the views of those who believed that the Negroes’ lack of hereditary 
resistance to tuberculosis might be proportionately removed by admix- 
ture of white stock, or interracial breeding. It was his experience that 
the black Negroes showed the least resistance to tuberculosis, the 
mulatto, greater resistance, and the white, most. On the other hand, 
Love and Davenport (8) believe that the high incidence of tuberculosis 
in the Southern States was due to the presence in the population of a 
large percentage of Negroes, among whom the mulattos were considered 
the most frequently afflicted by this disease. 

Drolet (9) in discussing the discrepancy between the racial composi- 
tion of population in New York City to the component racial figures in 
the City’s total tuberculosis deaths believes that the economic situation 
alone cannot fully account for the disproportionate percentage of these 
deaths occurring among Negroes. 

My own experiences in Central Ethiopia in 1930 indicated that tuber- 
culosis is a rare disease in the native Ethiopian, but that he fares poorly 
when thrown into intimate contact with western civilization. Natives 
who left their homes for European or other foreign education, all too 
frequently returned to Ethiopia within the year, suffering from tubercu- 
losis. The majority of those striken presented the clinical picture of a 
fulminating type of infection, and the average duration of life in these 
cases was less than six months, indicating a lack of inherent resistance to 
tuberculous disease. 

This paper is based on an inquiry into the relative importance of cer- 
tain factors, mainly racial, as they appeared in a tuberculosis survey in 
the Central Harlem Health Center District of New York City. 


DISCUSSION 


In order to evaluate the findings of the survey, it appears advisable 
to describe briefly the group involved. Of a total of 53,230 patients 
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examined and X-rayed 61 per cent were Negroes, 18 per cent of the white 
race, and 21 per cent of unknown race. The ratio between the black 
and white component groups was compatible with the general racial 
composition of the Central Harlem Health Center District in which the 
study was conducted. While it is impossible to calculate exactly the 
component groups entering into the total Negro population, it is probable 
that 10 per cent of the Negroes included in this study are either from 
Puerto Rico or from other islands of the West Indies. 

Opie and Isaacs (10) and Wells and Smith (11) found indications that 
the Negroes living in the outlying districts of the island of Jamaica, 
British West Indies, did not suffer extensively from tuberculosis but those 
who came to the city to live were oftentimes stricken by the disease. 
Inasmuch as a large percentage of the population of the district in which 
the New York City’s survey was conducted is composed of natives of 
the West Indies, it is probable that the findings of Opie and Isaacs enter 
into the epidemiological picture in the district. We found, however, 
that 96 per cent of all patients examined indicated residence in New York 
City for two or more years. 

For white females examined, regardless of disease, the median age 
was 33.4 years with lower and upper quartiles of 25.0 years and 44.0 
years. For Negro females the median age was 35.3 years and the lower 
and upper quartiles 26.9 years and 44.7 years respectively. The median 
for all females was 34.8 years with 50 per cent of all patients falling 
between 26.4 years and 44.5 years. 

The age-sex distribution for white males showed a slightly different 
curve from that of the white females, with the median age falling at 37.2 
years and half the patients, between 26.7 years and 47.8 years. For 
Negro males the curve was practically the same as for Negro females, 
the median age being 35.6 years and the lower and upper quartiles, 
26.5 years and 45.2 years respectively. The total for all males, regard- 
less of race, produced a median of 35.8 years and lower and upper quar- 
tiles of 26.6 years and 45.5 years. 

Economically the sample surveyed embraced 85 per cent indigents and 
15 per cent scattered throughout the lower income brackets, exclusive 
of special study groups not included in this paper. Of the indigent 
group a further analysis showed that 76 per cent were on relief or work 
relief including WPA, PWA and similar organizations, the remainder 
showed no visible means of support. 

Graph 1 shows the comparative incidence of active tuberculosis among 
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white and Negro females. For white females the median age was 37.4 
years with half the cases falling between 27.1 years and 48.7 years. For 
Negro females the median age was 36.3 years with lower and upper quar- 
tiles of 28.3 years and 46.0 years, that is, half the Negro females were 
between these ages. For all females the median was 36.2 years and the 
lower and upper quartiles 27.8 years and 46.0 years respectively. 

A distinctly different picture was found in the case of black and white 
males (graph 2), the median age being much higher in both groups. For 
white males the median age was 44.6 years with half the cases falling 
between 36.3 years and 54.3 years. For Negro males the median age was 
39.4 years with lower and upper quartiles of 31.2 years and 49.9 years. 
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aGcE GROUPS YEARS 
Grapa 1. Prevalence of Tuberculosis by Age and Color Among Female Persons Examined 
at Lower Harlem Chest Clinic. 


For all males, regardless of race, the median age was 40.2 years with lower 
and upper quartiles of 32.2 years and 50.5 years. 

The total incidence of active tuberculosis among Negro females was 
2.17 per cent as compared with 3.3 per cent for white females indicating 
a lower incidence among Negroes than among whites. In this respect, 
it is to be observed that the sample of white patients was about one- 
fifth as large as that of Negroes. 

Among Negro females the incidence of active tuberculosis remained 
fairly level between the ages of 25.0 and 64.9 years as contrasted with 
the somewhat irregular curve for incidence among white females. 

One interesting feature in the graphic curve for age-race incidence for 
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females is the earlier rise in the Negro than in the white. It is observed 
that the curve for active tuberculosis follows the general line of puberty 
and it is quite probable that the earlier rise in the Negro is attendant 
upon the correspondingly earlier onset of adolescence in the Negro. 
This feature was not observed in reference to arrested tuberculosis, 
in which there was noted a gradual cumulative incidence in both races, 
the curves for black and white females being bimodal and trimodal 
respectively, that is the curves having two and three peaks. It is 
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Grapa 2. Prevalence of Tuberculosis by Age and Color Among Male Persons Examined 
at the Lower Harlem Chest Clinic. 


probable that this irregular curve for white females may not be truly 
trimodal, but may be partly a result of a smaller sample in this group 
(4,791 white, 22,481 black). 

Among white females the first peak occurred in the 20.0-24.9 year 
group, followed by a gradual decline, a second higher peak in the 40.0— 
44.9 year group, then a third and highest incidence in the 60.0-64.9 
year group. The age-sex incidence for black females showed a tendency 
toward the production of a bimodal curve, the first peak occurring in the 
45.0-49.9 year group after which there was a gradual ascent to the 
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second peak in the last age group of the study, 75.0-79.9 years. In this 
age group the incidence of arrested tuberculosis was highest (3.28 per 
cent). 

Males of both races again presented a different picture. Instead of 
finding a fairly sudden rise of incidence during adolescence and a well 
sustained average incidence throughout adult life we find (graph 2) a 
step-like rise in incidence beginning with puberty and reaching its peak 
between the ages of 55.0 and 64.9 years. Here again we find that the 
rise in puberty begins five years earlier in the Negro than in the white 
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Graps 3, Prevalence of Tuberculosis by Age and Color Among All Persons Examined 
at the Lower Harlem Chest Clinic. 


and the curve for the Negro reaches its peak about ten years earlier 
than that for the white. (Because of the small samples in the 70 year 
and above age-groups the findings obtained therein are considered 
doubtful observations.) The incidence of active tuberculosis in the 
white male is 5.67 per cent as compared with 3.42 per cent in the Negro 
male, while the incidence of arrested tuberculosis was 1.78 per cent in the 
white male and 1.0 per cent in the Negro male. Again we find a lower 
incidence of both active and inactive tuberculosis in the Negro than in 
the white race 

Considering active tuberculosis among the total patients in the study 
(graph 3) regardless of sex, there was observed another dissimilarity 
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between the Negroes and whites. The white group showed a sudden 
increase during puberty, followed by a constant rise in incidence up to 
the 60 to 64.9 group where a peak was reached of 9.68 per cent, after 
which recession was fairly slow and irregular. Among the Negro group, 
following the adolescent jump the incidence remained fairly constant to 
the 45.0-49.9 group, when it increased suddenly, again staying constant 
until the 70.0-74.9 group, when it reached its peak of 6.55 per cent, after 
which it fell suddenly. 

The mean incidence for Negroes (2.6 per cent) was considerably lower 
than that for the white race (4.4 per cent). This leveling off of the pro- 
file of incidence among all Negroes in contrast to that for the incidence 
among male Negroes is a result of the much larger sample of Negro 
females in whom the incidence remained fairly constant between the ages 
of 25.0-64.9 years. Graph 2 shows a curve for Negroes very similar to 
that of the white group except that after puberty the Negro incidence 
remains somewhat lower. 

Assuming, if we may, that the findings of this study indicate that 
tuberculosis is at least no more prevalent among the Negroes than among 
the whites in New York City, we look next at another racial aspect of 
tuberculosis mortality. 

Most recent available estimates of population indicate that the Negro 
comprises approximately 5 per cent of the total for New York City. 
Other factors being equal, we would expect approximately 5 per cent of 
the City’s tuberculosis deaths to occur among Negroes. As has been 
pointed out previously by Drolet (12), the Negro contributed 26 per cent 
of the tuberculosis deaths of New York City during the period of this 
survey. Weiner (13), Whitney (14), Opie (15), Aronson (16), and Syden- 
stricker (17) have presented similar statistical evidence. From the 
study here outlined we elect to eliminate tentatively an allegedly higher 
incidence in the Negro and we must therefore seek some other explana- 
tion of this disproportionate number of tuberculosis deaths among 
Negro residents in New York City. 

Opie, McPhedran and Putnam (18) found that the ratio of existing 
cases of tuberculosis to tuberculosis deaths was 12.2 to 1 in the white 
race and 4.3 to 1 in the Negro race, indicating a case fatality rate about 
three times as high in the Negro as in the whites. 

Well in keeping with the findings and opinions of Bogen (5), Walsh 
and Mason (6), Drolet (9 and 12), Opie, McPhedran and Putnam (18), 
our survey indicated a disproportion in the prevalence of various stages 
of tuberculosis between comparable groups of Negro and white patients. 
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Using the total number of active and inactive cases of tuberculosis 
cases found among Negro males as a unit basis, and a similar base for 
other race-sex groups, we found (table 1 and chart 1) the highest per- 
centage of minimal tuberculosis among white females, among whom this 
stage embraced more cases than it did in any other race-sex group. 
Black females and white males showed the same percentage of minimal 
lesions, and in black males this stage was least frequently found. 

On the other hand (chart 1), moderately advanced tuberculosis was 
found least frequently among the white females, and in progressively 
higher percentage among Negro females, white males, and Negro males. 
Among Negro males the incidence of diagnosed moderately advanced 
disease was 1.5 times as high as among white males, and the same ratio 
held for black and white females. The incidence of this stage was about 
1.5 times as high among all Negroes as among all whites, and among 
Negro males was 2.5 times as high as among white females. 


TABLE 1 


Stages of tuberculosis by per cent of total found diseased at the Lower Harlem Chest Clinic 
(by sex and color) 


MALE NEGRO FEMALE NEGRO 


23.4 27.8 
50.1 57.2 
Moderately advanced 17.8 11.8 11.1 
Far advanced 8.7 4.4 3.9 


100.0 100.0 100.0 


A similar picture was found in the far advanced group, in which 
analysis indicated that the Negro male suffered twice as heavily as the 
white male, and Negro females, about one and one fourth times as heavily 
as white females. Again, the incidence in each race was higher in the 
males than in the females, but the difference was not as great as was ob- 
served in the moderately advanced group. 

There was no significant difference between the percentage of active 
and inactive tuberculosis among black and white males, but a higher 
percentage of inactive cases was observed in the Negro female than in the 
white female, with a conversely higher rate of active disease in the white 
female. (It is important to bear in mind in this connection the fact that, 
from a viewpoint of disease, patients in this survey were a random sam- 
ple, and were not chosen because of any previous indications of tuber- 
culosis.) 
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Another interesting feature of this statistical analysis is the high 
percentage of Negro females classified arrested as a result of collapse 
therapy. Among Negro females, this group comprised 5.0 per cent of 
the total cases of tuberculosis found in this race-sex sample, while in the 
white female, only 0.5 per cent had submitted to surgical intervention, 


DERATELY 
ADVANCED 


23.9% 
ARRESTED 


Female Negro 
Cuart 1. Stages of Tuberculosis by Per Cent of Total Found Diseased at the Lower 
Harlem Chest Clinic. (Classified by sex and color.) 


indicating ten times as frequent surgery in the Negro female as in the 
white female. Among the black and white males, there was no notable 
difference on this point. 

It is probable that at least three main factors enter into the higher 
case fatality rate among Negroes which in turn play an important part 
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in the disproportionate number of tuberculosis deaths occurring among 
Negroes. 

First to be considered, and probably of great importance is the fact 
that the Negro lacks resistance to tuberculosis, probably due to the rela- 
tive newness of the disease to the Negro race. The Negro has not ex- 
perienced the biological adjustment that accompanies long and continued 
exposure to disease, and it seems more and more conclusively proven that 
while there appears to be no definite lasting immunity to tuberculosis 
there is some racial tolerance for it. The Jewish people, for instance, 
and portions of the Italian population have shown a definite resistance 
to tuberculosis after the onset of the disease, and thus have a low case 
fatality rate. It is probable that members of these groups whose an- 
cestral strains have been confined to ghettos and thus subjected to 
close contact with tuberculosis for many centuries have developed a 
greater resistance to tuberculosis. 

Roubier (19, 34), studying the Negro soldier in the Great War, found 
60 per cent of all tuberculous Negroes presenting extensive involvement 
of the supraclavicular lymph nodes; 50 per cent suffered from miliary 
tuberculosis, and very few showed evidence of protective fibrosis, cal- 
cification or encapsulation. Dumas (20), Moreau (21), Borrel (22), 
Gruver (23), and Luquet (24) found similar massive lymphatic involve- 
ment associated with scant fibrosis among tuberculous Negro World 
War soldiers, pointing definitely toward a childhood type of the disease 
in the adult Negro. 

Pinner and Kasper (25), also clearly described a difference in path- 
ological manifestations of the disease in Negro and white Americans. 
They consider the possibility of a true genotypic (racial) difference, but 
state later, ‘Since in our observations their (Mexicans) type of reactions 
is essentially similar to that of the Negro, these 11 patients are included 
in the Negro group.” Ethnologically, the Mexicans belong to the 
Caucasian race, yet their reactions to tuberculosis indicate a lack of 
resistance comparable to that of the Negro. This seems to point not toa 
genotypic but specietypic difference. 

Pinner and Kasper further state that haematogenous dissemination 
is followed by ‘‘a rapid and diffuse caseation of lymph nodes,” thus ex- 
plaining the high proportion of miliary tuberculosis among the Negro 
soldiers studied in the World War, and offering evidence of lack of pro- 
tective calcification of primary lymphatic infection, which probably 
plays an important phthisiogenetic réle among Negroes. 

These findings indicate a probable structural or physiological difference 
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between the lymph nodes of species resistant to tuberculosis and those 
possessing little or no resistance, for in the primary lymphatic focus, 
infection is ordinarily filtered out and sealed off in the former and per- 
mitted to pass through in the latter. Regardless, however, of the term 
applied to this difference in reaction to the disease, whether it be geno- 
typic or specietypic, as Pinner and Kasper so admirably stated, “It is 
hardly necessary to explain that the pathological peculiarities described 
in the Negro are patent proof of a diminished resistance.” 

Dickey (26) wrote, in part, “One expects to find more tuberculosis 
where civilization is the oldest, where population is the most dense, and 
contacts therefore more intimate. Europeans and orientals were con- 
sequently more heavily infected. The Jewish race in ages past, being 
forced to migrate from one civilization to another, has been in contact 
with tuberculosis constantly. We find this race heavily infected, with 
the mortality from the disease very low in comparison with the morbid- 
ity and the disease being more apt to run a benign course than in other 
races. Obviously, in a study of tuberculosis among races, mortality 
and morbidity rates would be found not to run parallel in all.”” On the 
other hand, the Negro, only about three centuries ago, lived in the wilds 
of Africa and inhabited the great open spaces, having little if any contact 
with tuberculosis. Knopf (27) stated ‘the colored race has been af- 
flicted with tuberculosis far too short a time to have developed an im- 
munity as have, for example, the Jewish people.” It is probable that 
this is not an immunity but might better be described as a tolerance for, 
or resistance to tuberculosis. Opie (15) in 1930 wrote, “If, as ‘tuber- 
culization’ of a community or race we designate, as Bushnell did, the 
spread and frequency of tuberculous infection, we must recognize that 
the conditions under which it occurs will be widely different at different 
stages of the process. Adults of the white race suffer with long-continued 
tuberculosis, which slowly undermines the health, and during a long 
period they are able to be about and scatter widespread tubercle bacilli 
in relatively small numbers. The race that has more recently come into 
contact with the disease suffers with an acute type, which causes pro- 
found illness and rapidly ensuing death. The observations made in 
Jamaica indicate that those thus affected scatter tubercle bacilli in 
vastly greater number for much shorter periods of time than those af- 
fected with the usual chronic type of pulmonary tuberculosis.”’ It is 
difficult to accept this theory, however, in view of the lower tuberculosis 
incidence in the Negro. Proceeding on the same hypothesis which 
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indicates a lower tolerance in the Negro we might well expect higher 
tendency to primary infection and therefore a higher incidence. If, 
however, this “‘low-resistance”’ theory is correct and there is nevertheless 
a lower incidence among Negroes, it is possible that this lower incidence 
is occasioned by a smaller number of already existing cases and therefore 
a lower rate of exposure among Negroes. 

The results of our study indicate that tuberculosis has a greater 
tendency to multiple attack in the Negro family than in the white. This 
finding is in accord with those of Opie, McPhedran, and Putnam (18). 
A partial explanation of this phenomenon is derived from the study of 
Augustine (28) who found a distinct correlation between the number of 
open tuberculous patients whose homes showed dust positive for tubercle 
bacilli, and the race to which these patients belonged. He found, for 
instance, that in 31 homes reported as “‘clean’’, dust obtained from the 
floor contained living tubercle bacilli in 19 per cent of all samples, while 
similar samples taken from homes classified as “dirty” revealed the pres- 
ence of tubercle bacilli in 55 per cent of all samples. Viewing this from 
another angle, Augustine found that in the dust collected from the 
homes of white patients with tuberculosis, 19 per cent of the samples 
showed tubercle bacilli and in the dust obtained from the homes of col- 
ored patients 43 per cent were positive for virulent organisms. It is 
probably a logical assumption that the close parallel of the Negro rate to 
the “dirty” rate is, among other things, an indication of lack of health 
education among the Negroes suffering from tuberculosis. And it is a 
further indication that one of our first vantage points for attack is to 
improve the knowledge of the tuberculous Negro patient. In this 
more frequent and more rapid transmission of tuberculosis from one 
member of a Negro family to another, the economic problem again 
looms up. The number of persons in the family plays little part in 
producing this infection, but the income and the attendant housing con- 
ditions affect the exposure of one household member to another. Given 
adequate funds, any family, regardless of size, can procure proper housing 
and eliminate much of this problem. In the face of these findings, we 
might expect a gradual increase in morbidity among Negroes in the next 
generation until a biological balance is reached, unless special emphasis 
is placed on the control of tuberculosis among this underprivileged 
group. 

A second important factor in this disproportion of tuberculosis deaths 
is the economic condition of the group in question, often leading to late 


} 
t 
} 
i 
| 


126 TUBERCULOSIS CASE-FINDING 


hospitalization. Pastor (29) in Puerto Rico, where 16.6 per cent of all 
deaths occurring on the Island result from tuberculosis, found that 
patients from the lower economic groups where financial conditions lead 
to overcrowding and privation, lived only a short time after hospitaliza- 
tion because of the advanced stage of disease on admission. On the other 
hand, patients from the middle and upper economic groups not only 
lived longer in hospitals but had a much higher rate of improvement. 
Dublin (30) has voiced the opinion that ‘other races when subjected to 
similar conditions of housing, hard work, limitations on food, clothing 
and medical attendance, show mortality rates no better than those for 
the Negro.” 

Carter (31) states that any tuberculous resident in Virginia is accepted 
for hospitalization with the expressed understanding that if, after a two 
weeks stay in the hospital the case is considered hopeless, hospitalization 
will be terminated immediately and the patient returned to his home. 

On the other hand Chadwick (32) in Detroit, was able to reverse the 
tuberculosis trend from an increasing to a decreasing rate by making 
available 1.5 tuberculosis beds for every annual tuberculosis death. 
He was thus enabled to remove from circulation late cases, reducing ex- 
posure of others to infection, and to hospitalize early cases for which 
treatment is far more successful. 

Roth (33), following the lines of Pinner and Kasper, advanced the 
belief that “The Negro is reluctant to avail himself of diagnosis and treat- 
ment, either through fear or ignorance,” yet the experience of the 
United States Public Health Service, in its venereal disease control 
program, points to the greater alacrity of the Negro to seek medical 
attention when it is made available to him. 

The Negro, as has often been said, bares the brunt of any economic 
depression or recession. He is the last one placed on the payroll and the 
first dropped from it. In most Negro families only one person at best is 
gainfully occupied. This individual is the one usually under the greatest 
physical and mental strain and is probably, therefore, the one most 
likely to be a victim of tuberculosis. This head of such a Negro house- 
hold, learning that he has tuberculosis, feels that hospitalization is prac- 
tically out of the question as it would remove the only means of support 
from the family. Being on the fringe of indigency, these Negro families 
do not have sufficient funds for medical care and work oftimes conflicts 
with clinic hours, thus closing every avenue to cure. The result is that 
the patient continues to work until he collapses under the strain. Asa 
last resort hospitalization is then sought, and, even when immediately 
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obtained, it is frequently of no avail. Bogen (5), as was previously 
pointed out, believed that the high case fatality rate among Negroes was 
partly due to their application for hospitalization late in the course of the 
disease. 

The third factor of importance is one of statistical derivation. Inas- 
much as the lower economic group comprises a greater percentage of 
Negro population than of the white, and inasmuch as both the black 
and white groups in this survey were from the lower economic strata, 
the racial incidence figures arrived at in our study are more nearly ap- 
plicable to the Negro population of New York than to the white popu- 
lation. It is to be questioned that X-raying the entire Negro population 
of the city would change the Negro rate found in our study nearly as 
much as a similar procedure with the white group would affect the white 
rate, it being quite probable that inclusion of white-collar white groups 
would produce a tuberculosis rate in the white considerably below the 
figure of 4.4 per cent found in our survey. 


SUMMARY AND CONCLUSIONS 


A study of a random sample of comparable groups of Negro and white 
residents of New York City, as to the incidence of tuberculosis, includes 


over 50,000 individuals X-rayed and examined. 

1. The group surveyed presented an age-sex distribution dissimilar to 
that of the population in general, having a tendency to concentration of 
sample in the age group in which tuberculosis is most prevalent (15-40 
year age group) leading to an average high incidence. The low economic 
status of those examined further raises the survey incidence above the 
general incidence. We may therefore assume that the incidence of active 
tuberculosis in the district is less than 2,600 per 100,000 for Negroes and 
less than 4,400 per 100,000 for white. 

In our survey, in which both Negro and Caucasian races were repre- 
sented by economically comparable groups, the incidence of active and 
inactive tuberculosis was, independently and combined, lower in the 
Negro than in the white race. Tuberculosis attacked the Negro, how- 
ever, five years earlier than it did the white, making its earliest inroads 
on the Negro female. 

2. During the period of this survey the tuberculosis case mortality 
rate was about five times as high among Negroes as among white in 
New York City. Only in the period of adolescence does the Negro 
outstrip the white group in tuberculosis morbidity. 

It appears, therefore, that we are safe in concluding that, in reference 
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to tuberculosis, the racial factor is not as important in determining mor- 
bidity as it is in determining fatality. 

3. The female Negro did not in our study (graph 1), indicate a notable 
increase in active tuberculosis between the ages of 25-64.9 years, in direct 
contrast with the male Negro (graph 2), who showed a rising incidence 
up to the 55-59.9 year group. 

The incidence of active tuberculosis was about one and one-half times 
as high in Negro males as in Negro females. 

We conclude, therefore, that while the Negro male is apparently no 
more susceptible to tuberculosis than the Negro female, among those 
studied there had been more frequent exposure in the male after twenty- 
five years of age and that the occupation of the Negro male was more 
conducive to tuberculosis than is that of the Negro female. 

4. Advanced stages of tuberculosis account for a larger percentage of 
the total cases found among Negroes than among white persons. 

5. Health education of Negro tuberculous patients and families is an 
urgent need. 


REFERENCES 


(1) Jones, T. J.: Tr. Nat. Tuberc. Assn., 1906, 2, 97. 

(2) BusHNELL, G. E.: A study of the epidemiology of tuberculosis, William Wood & Co., 
Baltimore, 1920. 

(3) Horrman, F. L.: The race traits and tendencies of the American Negro. 1896, Mac- 
millan. (Quoted by Robert Wilson in Tr. Sixth Internat’l Cong. on Tuberc., 
Washington, D. C., 1908, 3, 545.) 

(4) Terry, R. J.: Science, 1929, 69, 1797, 337. 

(5) BocEen, E.: Am. Rev. Tuberc., 1931, 24, 522. 

(6) Watsu, G., AND Mason, H. M.: Am. Rev. Tuberc., 1935, 31, 413. 

(7) Carter, H. G.: Am. Rev. Tuberc., 1936, 13, 373. 

(8) Love, A. G., AND Davenport, C. B.: Defects found in drafted men, Supt. of Docu- 
ments, Govt. Print. Off., Washington, D. C., 1919. 

(9) Drotet, G. J.: J. Prev. Med., 1930, 4, 2. 

(10) Opre, E. L., anv Isaacs, E. J.: Tuberculosis in Jamaica, Am. J. Hyg., 1930, 12, 1. 

(11) Wetts, C. H., anp Smita, H. H.: The epidemiology of tuberculosis, Kingston, Jamaica, 
Govt. Print. Off., 1938. 

(12) Drotet, G. J.: Survey of tuberculosis in large American cities, New York Tubercu- 
losis & Health Association, 1938. 

(13) Werner, L.: M. J. & Rec., 1932, 86, 27. 

(14) Wurtney, J. S.: Facts and figures about tuberculosis, Nat. Tuberc. Assn., 1931. 

(15) Opre, E. L.: Epidemiology of tuberculosis of Negroes, Tr. Nat. Tuberc. Assn., 1930, 
26, 243. 

(16) Aronson, J. D.: Am. J. Hyg., 1931, 14, 374. 

(17) SypENstrIcKER, E.: Tr. Nat. Tuberc. Assn., 1929, 25, 262. 

(18) Opre, E. L., McPHepRAN, F. M., anp Putnam, P.: Am. J. Hyg., 1936, 23, 530. 

(19) Rousrer, C,: Gaz. Hop., 1920, 93, 1333. 

(20) Dumas, A.: Lyon Med., 1919, 128, 180. 


1 


IMPORTANCE OF THE RACIAL FACTOR 


(21) Moreau, L.: Bull. New York Acad. Med., 1919, 71, 224. 

(22) Borret, A.: Ann. I’Inst. Pasteur, 1920, 34, 105. 

(23) Gruser, G. B.: Ztschr. f. Tuberk., 1919, 33, 23. 

(24) Luquet, A.: These Lyon, 1920, 222. 

(25) Pinner, M., AND Kasper, J. A.: Am. Rev. Tuberc., 1933, 26, 463. 

(26) Dicxey, L. B.: Arch. of Ped., 1935, 52, 577. 

(27) Knorr, S. A.: Med. J. & Rec., 1930, 132, 53. 

(28) Aucustine, A. E.: J. Prev. Med., 1929, 3, 121. 

(29) Pastor, J. R.: Tuberculosis in Puerto Rico, Tr. Nat. Tuberc. Assn., 1936. 

(30) Dust, L. I., anp Lorxa, A. J.: Twenty-five years of health progress, Metropolitan 
Life Ins. Co., N. Y., 1937. 

(31) Carter, H. G.: Am. Rev. Tuberc., 1923, 6, 1002. 

(32) Cuapwicx, H. D.: Hospital Social Service, 1933, 28, 480. 

(33) Rots, R. B.: Am. Rev. Tuberc., 1938, 38, 197. 

(34) Rousrer, C.: Paris Med., 1919, 9, 207. 


APPENDIX A 


Age distribution by color of male persons examined and found active at the Lower Harlem 
Chest Clinic 
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APPENDIX B 


Age distribution by color of female persons examined and found active at the Lower Harlem 
Chest Clinic 
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CASE-FINDING AMONG PUERTO RICANS 
IN NEW YORK CITY! 


If the search for unknown cases of tuberculosis is to be most effective 
it must be undertaken among those population groups where the need 
is the greatest. Tuberculosis death rates in New York City, classified 
by nativity and color, have indicated that the problem of control of 
the disease is especially acute among Puerto Ricans and colored. In 
1930 the mortality for these two groups ranged from 290 per 100,000 
among the colored population to more than 500 per 100,000 among white 
Puerto Ricans.? As early as 1933 the Department of Health initiated 
surveys to locate unknown cases of tuberculosis among a selected group 
of colored and white persons in various areas of the city where the death 
rate from tuberculosis was exceedingly high. These surveys were con- 
fined to families on relief in Harlem, in the Lower West Side district of 
Manhattan, and in the Red Hook section of Brooklyn. 

The case-finding surveys mentioned above were followed by a special 
effort in 1935 and 1936 to improve the control of tuberculosis among 
the white Puerto Ricans in the Meinhard section of Manhattan through 
a search for unknown cases of the disease and close supervision of cases 
when found. This paper deals with the results of the search for cases 
in this particular group. 


PLAN OF THE SURVEY AMONG PUERTO RICANS 


The plan of the experiment in case-finding among Puerto Ricans 
was: (1) examination by chest X-ray films of all individuals over fourteen 
years of age in families on the relief rolls, (2) intensive supervision of all 
diagnosed cases, and (3) clinic examination of all family contacts of 
diagnosed cases. 

Families with Spanish sounding names were selected from the lists 
of all families receiving relief in the Meinhard area. Those selected 
were visited by an investigator at some time during the period July 1935 


1 This section was prepared by Jean Downes and Hazel D. Connell. 

? Data furnished to the Department of Health by Jessamine S. Whitney, of the National 
Tuberculosis Association; Weekly Bulletin, New York City Department of Health, October 
8, 1932, xxi, No. 40. 
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to June 1936, and all individuals over fourteen years of age in the family 
or household were invited to avail themselves of X-ray examination. 
Approximately 3,500 individuals responded and of these 3,214 reported 
themselves as white Puerto Ricans. No data are available to test 
whether or not willingness to have an X-ray examination constitutes 
a selective factor; but, other than that, it is believed that the 3,214 
white Puerto Ricans may be considered as generally representative of a 
population drawn from relief families in this nativity group. 

Before discussing the results of case-finding among the white Puerto 
Ricans it should be pointed out that an X-ray survey conducted in a 
population of families receiving public assistance may have value, in 
addition to that of finding unknown tuberculosis. If the population ex- 
amined has no vitiating bias in it and is sufficiently large for stability 
of results, the findings may indicate the actual prevalence of pulmonary 
tuberculosis at different ages and may determine within what age groups 
tuberculosis may be found most frequently in populations of generally 
low economic status. These are data which are of importance in deter- 
mining where emphasis should be placed in a program for better control 
of the disease. 

It should be pointed out, also, that any effort toward finding tuber- 
culosis cases has a limited value unless it is followed by prompt and 
adequate care of the tuberculous individual found and by suitable pro- 
tection of the members of the family exposed to infection. 


RESULTS OF THE SURVEY AMONG PUERTO RICANS 


During the survey period (July 1935-June 1936), 197 or 6.1 per cent 
of the 3,214 white Puerto Ricans were diagnosed as tuberculous. An 
additional 7 per cent of the total X-rayed was classed as needing further 
observation before a definite diagnosis could be determined. Since the 
value of a case-finding project is determined in part by the prompt 
follow-up of cases and suspects, it is of interest to note how many of 
those needing further observation were reéxamined. Figure 1 shows that 
78 per cent of the 234 individuals classed as needing observation were 
reéxamined, and for 4 per cent of them a final diagnosis of tuberculosis 
was made. Only 22 per cent failed to have a second examination. 

Table 1 and figure 2 show the prevalence of pulmonary tuberculosis 
at specific ages and by sex among the 3,214 Puerto Ricans. The rates 
for males show a marked increase with age, rising from 2 per 100 indi- 
viduals, aged 15-19, to 11.6 per 100 at ages 40-49; after age 50 a slight 
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decrease in the prevalence of disease was evident. The rates for females 
were slightly higher than those for males throughout the age period 
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TUBERCULOUS 


PERSONS 


Fic. 1. Proportion of 234 persons, cases for further observation, reéxamined and the per 
cent diagnosed tuberculous. 


TABLE 1 
Prevalence of pulmonary tuberculosis among 3,214 white Puerto Ricans classified by sex and age* 


AGE GROUP: 
ALL 


AGES 


15-19 | 20-24 | 25-29 | 30-39 | 40-49 | 50-59 | 60+ 


Rate per 100 


Both sexes, cases 3.0 
Male cases : J 2.8 
3.1 


Number 


3,214 329 630 | 1,148 | 542 
197 10 30 68 54 


1,375 106 257 551 | 249 
88 3 12 32 29 


1,839 223 373 597 | 293 130 
109 7 18 36 25 12 


*In addition, 298 Negro Puerto Ricans were X-rayed; six cases of tuberculosis were 
diagnosed among the Negroes. 


15-39; from ages 40-59 the rate among females was approximately 9 
per 100 individuals contrasted with rates among males of 10 and 11.6 
per 100 population. 
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The case-finding survey among Puerto Ricans in Meinhard may be 
considered as comparable with previous surveys made in the same 
manner among 13,969 white persons and 5,225 Negroes from relief 
families in Harlem and the Red Hook section of Brooklyn.* Conse- 
quently, a comparison of the prevalence of all lesions of pulmonary 
tuberculosis detected by X-ray at specific ages in these various popula- 
tion groups with the prevalence among Puerto Ricans is of considerable 
interest. Figure 3 shows the data for the white and Negro populations, 
respectively, obtained in the two previous surveys in Harlem and Red 
Hook.‘ The age curves of prevalence of tuberculosis noted for Negroes 
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Fic. 2. Prevalence of pulmonary tuberculosis by sex and at specific ages among white 
Puerto Ricans in the Meinhard district of New York City. 


and for Puerto Ricans (fig. 2) are strikingly similar both as to the level 
of the rates and the sex differentials. The prevalence of tuberculous 
lesions was somewhat higher among white persons than was noted among 
either Puerto Ricans or Negroes. In view of the very high mortality 
among both Puerto Ricans and Negroes, these data tend to corroborate 

* Dr. Marion F. Loew was in direct charge of the X-ray survey in the Meinhard district; 
she took part also in the survey made in Harlem in 1933. The X-ray survey in Brooklyn 
was made under the supervision of Dr. Israel Steinberg. It is believed that the diagnostic 


standards maintained in all of these surveys were fairly comparable. 
* Downes, Jean: Tuberculosis Case-Finding in the Red Hook Area of New York City. 


Milbank Memorial Fund Quarterly, April, 1934, xii, No. 2. 
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the belief that white persons may tolerate tuberculous lesions better 
than either of the other two groups. 

Follow-up of cases: One test of a successful case-finding campaign 
is the extent to which proper supervision and care was obtained for the 
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Fic. 3. Prevalence of all tuberculous lesions detected by X-ray by sex and at specific ages 
among white and Negro families. Data for Red Hook and Harlem are combined. 
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Fic. 4. Proportion of advanced, moderately advanced, and minimal cases of tuberculosis 
for whom hospitalization was recommended. 


discovered cases. 


Seventy-one per cent of the total 199 cases of pul- 
monary tuberculosis found among the Puerto Ricans were classed as 


minimal, 22 per cent as moderately advanced and 7 per cent as cases of 
advanced disease. For 28 per cent of the entire group of cases the lesions 
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noted by X-ray films were considered as apparently arrested or ap- 
parently healed. The remaining number, 143 cases, was considered as 
needing continued clinic supervision or hospital care. 

Figure 4 shows the proportion of the 143 cases of pulmonary tuber- 
culosis judged to be in need of hospital care. The cases are classified 
according to the anatomical extent of the lesions or stage of disease. 
Hospitalization was recommended for all cases with advanced tuber- 
culosis, for 68 per cent of those with moderately advanced disease, and 
for 32 per cent of the cases with minimal disease. 

Figure 5 shows the proportion of those advised to have hospital care 
which obtained that care. Eighty per cent of the advanced cases were 
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Fic. 5. Proportion of advanced, moderately advanced, and minimal cases of tuberculosis 
which obtained hospital care after recommendation for such care. 


hospitalized; 60 per cent of both the moderately advanced cases and 
of the minimal cases for whom hospitalization was advised obtained 
hospital or sanatorium care.® 

Examination of family contacts: Another test of successful case-finding 
is the extent to which the family or household contacts of the discovered 
cases are examined. Table 2 and figure 6 show the proportion of the 
total family contacts of diagnosed cases which was examined. The 
families are classified according to the index case in the family which 
indicates the importance of the tuberculosis problem in the family. It 

5 Patients were admitted to Bellevue Hospital, City Hospital, Metropolitan Hospital, 
Mt. Sinai, St. Joseph’s, Seton, Sea View, Otisville, and the Veterans’ Hospital at Sunmount, 
indicating the wide use of existing facilities. 


TABLE 2 
Per cent of family contacts examined in 175 families, classified according to the type of index 
case in the family 


TOTAL CONTACTS 


91 families—Index case, minimal tuberculosis 
313 60.7 


196 58.7 
117 64.1 


27 iamilies—Index case, moderately advanced tuberculosis 
97 73.2 


65 73.8 
32 71.9 


10 families—Index case, advanced tuberculosis 
31 74.2 


17 76.5 
14 71.4 


47 families—Index case, apparently arrested or healed tuberculosis 
138 42.0 
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Fic. 6. Per cent of family contacts examined in 175 families classified according to the 
type of index case in the family. 
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is evident that the least emphasis was placed upon families where the 
index case was one with apparently arrested or apparently healed tuber- 
culosis. From 60 to 74 per cent of all family or household contacts were 
examined in all of the other groups of families, namely, those where the 
index case was one of minimal, or moderately advanced, or advanced 
disease. Over 70 per cent of the family contacts to moderately ad- 
vanced and to advanced cases had a clinic examination. On the other 
hand, only 42 per cent of the contacts to the apparently arrested and 
apparently healed cases were examined. These data indicate, certainly, 
that an effective effort was made in following up the family contacts 
of diagnosed cases and that emphasis was placed upon the families most 
in need of special effort. 

No new cases of adult pulmonary tuberculosis were discovered among 
the contacts examined in any of the groups of families. In the 91 families 
in which the index case was one of minimal pulmonary tuberculosis, 2 
cases of primary infection (childhood type tuberculosis) were diagnosed 
among individuals under twenty years of age; 3 cases of primary infec- 
tion were also diagnosed among individuals in the same age group in 
the 27 families where the index case was one of moderately advanced 
tuberculosis. Among contacts under 20 years of age in the 47 families 
where the index case was classed as having apparently arrested or 
apparently healed tuberculosis, 2 individuals were classed as having 
lesions of primary infection. 

It is evident that the original survey revealed practically all of the 
tuberculosis cases in these families. What secondary cases of adult 
pulmonary tuberculosis there were in the various groups of families 
had been revealed by the case-finding survey among adults fifteen years 
of age or older. For example, in 6 of the 91 families (index case, minimal 
tuberculosis) there were 2 index cases; in the 27 families (index case, 
moderately advanced tuberculosis) there were 2 families each with 2 
index cases; and in the 10 families (index case, advanced tuberculosis) 
there was one family with 2 index cases. In general, the results of the 
examination of family contacts in this study of Puerto Ricans are in 
agreement with those noted in the survey made in the Red Hook area 
of Brooklyn. Both demonstrate the fact that a case-finding survey 
among adults in families will reveal practically all of the more important 
cases in the family. 


* Downes, op. cit. 
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In conclusion, some emphasis should be placed upon the fact that 
this X-ray survey among Puerto Ricans offers further evidence that 
reinfection pulmonary tuberculosis is a disease which occurs chiefly 
among adults. Age is a factor which should be considered in any effort 
to find the unknown case. Furthermore, the results of the various 
X-ray surveys conducted by the Department of Health among relief 
families in different areas of New York City have agreed, with one 
another to such an extent that it is now possible to say with some certainty 
how much tuberculosis there is among families of a generally low eco- 
nomic status. 


4 


OTHER SURVEYS! 


Two other surveys were conducted which have not been included in 
the previous analysis because they were of a different character having 
been made prior to the time that reasonably adequate facilities were 
available for tabulation and analysis of data. The first is a survey of 
25,170 persons on Home Relief, and the other a survey of 1,000 indi- 
viduals with venereal disease. 


I 


SURVEY OF 25,170 PERSONS ON HOME RELIEF 


A total of 56,259 individuals representing 20,976 families were ap- 
proached. Of this total 25,170 persons submitted voluntarily to an 
X-ray examination, which represents approximately 50 per cent of the 
total, and may be considered as very satisfactory. Data on negative 
cases were not tabulated originally, therefore a complete table of the 
distribution of the population is not available. 

Of the 25,170 individuals radiographed in the original survey, 2,957 
were found to have suspicious or definite evidence of intrapulmonary 
lesions worthy of further study. An analysis of these data is presented 
herewith. 

Of these 2,957 individuals, 1,580 or 53.4 per cent were males who had 
an average age of 43.1 years with 68 per cent of them between the ages 
of 23.5 and 58.9 years. 

The population was predominantly white. Thus, of the males, 1,528 
were white with an average age of 43.4 and two-thirds of them between 
the ages of 25.6 and 61.2 years. Thirteen hundred and thirteen white 
females presented an average age of 41.3 years with 68 per cent between 
the ages of 23.5 and 59.1 years. 

Forty-seven Negro males had an average age of 32.5 years, with 68 
per cent of them falling between the ages of 13.7 and 51.3 years. 

Sixty-three Negro females had an average age of 39.3 years, and 68 
per cent of them were found to fall between the ages of 23.8 and 54.8 
years. Five males and one female of unknown race were also included. 


1 This section was prepared with the assistance of Raymond Murphy. 
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Chronic pulmonary tuberculosis: Nine hundred and ninety-three or 
3.9 per cent of the 25,170 individuals X-rayed were finally diagnosed as 
cases of chronic pulmonary tuberculosis. Five hundred and twenty- 
three or 2.1 per cent of the total were classified as clinically significant, 
and 470 or 1.9 per cent were considered as arrested (table 1). 

Of the group recalled, the white males comprised 51.7 per cent and the 
white females 44.4 per cent. However, 58.7 per cent of the clinically 


TABLE 1 


Chronic and active* pulmonary tuberculosis found in 25,170 examinations, Lower West 
Side District, New York City, 1934, by age and race 


CHRONIC PULMONARY TUBERCULOSIS ACTIVE* PULMONARY TUBERCULOSIS 


AGE GROUP White Negro Unknown 


Fe- Fe- Fe- 
Male Male male Male mate 


re | 


* Clinically significant. 


significant tuberculosis was found among this group of males and only 
38.2 per cent among the group of females. The Negro males of the 
recalled group, comprising 1.5 per cent, produced 1.6 per cent of the 
clinically significant tuberculosis, while the Negro females, comprising 
only 1.3 per cent of the group, gave an incidence of 2.1 per cent clini- 
cal tuberculosis. One case occurred in a male whose race was not given. 

The 307 white males with clinical tuberculosis had an average age of 
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White Negro Unknown i 

Male Male Male i 

15-19.9 15 | 13 | — 

20-24.9 11 | 20; 1 

25-29 .9 16 | 13 | — 2 

30-34.9 36 | 33 | — 

35-39 .9 53 | 48 | 1 

40-44.9 64 | 47 | 2 1 —|-— 
45-49 .9 99 | 45 1 1 —_|— 

50-54.9 8 | 39 | 3 1 1 
55-59.9 65 | 46 | — 
60-64.9 46 | 34 | 2 i 
65-69 .9 45; — 

70-74.9 1%} 8 
75-79 .9 + 3 
80-84.9 3 1 

Total. .......| 572 | 385 10 | 21 5 — |307 |200 | 8 7 | 1 
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47.4 years and two-thirds of the cases occurred between the ages of 33.2 
and 61.3 years, with the greatest concentration at 48.5 years. 

The 200 white females found with active pulmonary lesions were of an 
average age of 44.7 years. Two-thirds of the cases in this group were 
found between the ages of 29.4 and 60 years, with the greatest concentra- 
tion at 37.4 years. Fifteen Negroes (eight males and seven females), 
and the male whose race was not given, were also found with active 
lesions. 

Fifty per cent of the cases of active tuberculosis, in the females were 
accounted for before the age of 45 years was reached, whereas in the 
males, 50 per cent of the cases were not accounted for until the age of 45 
was passed. More cases are noted in the females in the younger ages 
than in the corresponding age of the males. 

Minimal active lesions: Three hundred and thirty-eight cases with 
minimal lesions were discovered, which accounts for 1.3 per cent of the 
entire 25,170 examined. This compares with the study of 65,459 Home 
Relief recipients in the Harlem District where 2.2 per cent with minimal 
lesions were found. (See page 89.) These 338 cases of minimal pul- 
monary tuberculosis account for 64.5 per cent of all the active pulmonary 
tuberculosis found in the survey. This is in contrast to 75 per cent 
minimal tuberculosis in the aforementioned study. 

Two hundred and two of the 338 cases of minimal tuberculosis occurred 
in the white male group. These individuals had an average age of 47.7 
years and 68 per cent of them occurred within the age range 34.5-60.9 
years, with the concentration of cases falling at 51.9 years. One hundred 
and thirty-three minimal pulmonary lesions were found in white females 
who had an average age of 45 years. Sixty-eight per cent of them 
were between the ages of 29.7 and 60.3 years. Three minimal lesions 
were found in Negro females and none in the Negro males. 

Moderately advanced active lesions: One hundred and forty-one moder- 
ately advanced lesions were discovered. Therefore, we find 0.6 per cent 
of all the population with this type of the disease. We find, too, that 
the 141 moderately advanced lesions account for 27 per cent of all the 
active pulmonary tuberculosis found. In the Harlem Study 0.5 per 
cent of the population were found with moderately advanced lesions and 
the moderately advanced tuberculosis accounted for 16 per cent of all 
the active pulmonary tuberculosis found. 

Seventy-six of the 141 moderately advanced lesions occurred in white 
males who had an average age of 46.6 years. Sixty-eight per cent of 
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them were between the ages of 21.4 and 61.8 years. Six Negro males 
were discovered with this type of lesion. 

Fifty-five white females, who had a mean age of 44.6 years, had chronic 
pulmonary tuberculosis in this stage. Sixty-eight per cent of them were 
between the ages of 28.8 and 60.4 years. Four Negro females were 
found in this stage of the disease. 

Far advanced tuberculosis: Forty-four cases of tuberculosis in the 
far advanced stage were discovered. These cases accounted for 8.4 
per cent of all the active pulmonary tuberculosis found and gave an 
incidence of 0.2 per cent of the population examined. In the Harlem 
Study this same percentage of far advanced tuberculosis wasfound. The 
far advanced lesions discovered in this study accounted for 8 per cent 
of the active pulmonary tuberculosis. 

Twenty-nine of the 44 cases were found in white males. They had 
an average age of 48 years with 68 per cent of them falling between the 
ages of 33.3 and 62.7 years. ‘Two Negro males and the male whose race 
was not known, were also found with far advanced lesions. 

Twelve females, all of the white race, were discovered with tuberculosis 
in the far advanced stage. 

Arrested tuberculosis: Four hundred seventy cases of arrested pul- 
monary tuberculosis were discovered. This amounted to 47.3 per cent 
of all the chronic pulmonary tuberculosis discovered, and to 1.9 per cent 
of the entire population studied. 

Two hundred and seventy-one males, of whom 265 were white, two 
Negroes and four who were described as “race unknown,” presented this 
type of tuberculosis. The white males had an average age of 49.8 years 
and 68 per cent of them were between the ages of 35.9 and 63.7 years. 

One hundred eighty-five white females who had an average age of 
48.4 years, were diagnosed as having arrested pulmonary lesions. Sixty- 
eight per cent of these white females ranged in age between 34.9 and 
61.9 years. The 14 Negro females had an average age of 46.4 years. 

In the Harlem Study 0.9 per cent of the population was discovered 
with arrested pulmonary tuberculosis and these latter accounted for 
25.2 per cent of all the tuberculosis found. 


SUMMARY AND CONCLUSIONS 


It is not possible to interpret the various differences in the average 
ages of infection between the two sexes. We are dealing here only with 
a selected population of suspicious or definite cases of tuberculosis rather 
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than the total originally X-rayed. However, in only one chance out of 
one hundred, would the various differences noted in the distribution of 
the active disease have occurred as they did between the two sexes. 

Discussion of the differences in average ages which occurred in the 
various stages of the disease is possible. The only significant difference 
in average ages found that is not likely to have occurred by chance, is 
that difference which occurred between those with minimal lesions and 
those with arrested lesions. 

It is not quite clear from this material why the percentages of active 
minimal and moderately advanced lesions were less than those reported 
in the Harlem Survey. The difference did not occur by chance. It is 
true, however, that a higher percentage of response was noted in this 
study than in Harlem. Thus, the lower the degree of an sane the 
more selective the material becomes. 


II 
X-RAY SURVEY OF 1000 CASES WITH VENEREAL DISEASE 


The material in this study deals with the routine X-raying of 1,000 
patients registered in two of the Social Hygiene Clinics in the Department 
of Health in 1936. 

The individuals attending the venereal disease clinics are predomi- 
nantly of a low income group, more males than females and the majority 
fall between the ages of 25 and 45 years. There is also a sizeable per- 
centage of American Negroes and other colored races. 

This study was developed with the codperation of the Bureau of Social 
Hygiene in two of their larger clinics. One clinic located in the Mein- 
hard district caters almost entirely to Puerto Ricans. Thus, the per- 
centage of this racial stock (25.4) of the total in the survey is much higher 
than would be expected in the registration of all clinics. The selection 
of the material for X-raying was based solely on a verified diagnosis of 
syphilis or gonorrhoea, and the cases were referred routinely until the 
total of 1,000 was reached. All cases presenting either definite or sus- 
picious pulmonary shadows were reéxamined including history, physical, 
fluoroscopy or X-ray films as indicated. The following analysis deals 
with 590 males and 328 females. There were 82 individuals whose 
records were incomplete and are, therefore, not included. 

Venereal diseases: Among those with a diagnosis of syphilis the average 
age was 35.6 and the highest concentration of cases was found at the age 
of 32.5 years. The females were 2.7 years younger and presented more 
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tuberculosis than the males. Upon statistical testing it was found that 
the higher incidence of venereal disease and tuberculosis was significant 
and the result of some causal factor and not of chance. 

Approximately 89.4 per cent of the cases of gonorrhoea were among 
males and in the complete study 4.7 per cent of the cases were so infected. 
Their average age was 28.9 years with approximately two-thirds of the 
cases falling between 22.5 and 35.3 years. 

Chronic pulmonary tuberculosis: In the entire study, 26 or 2.6 per cent 
were classified as having chronic pulmonary tuberculosis of which 12 or 
1.2 were active and 14 or 1.4 per cent arrested. Of all the lesions 22 
were in males and 4 in females. Of the active lesions 7 or 26.9 per cent 
were classified as minimal. 

On the basis of the country of birth about one-half of the lesions were 
among those born in the United States. In the Puerto Rican group one 
case of moderately advanced tuberculosis was found which represented 
less than 0.5 per cent. This is considerably lower than in the survey 
of Puerto Ricans on Home Relief where 3,214 were X-rayed and 6.1 per 
cent were found with pulmonary tuberculosis. (See page 131.) 

None of the pulmonary changes observed gave any suggestion of a 
syphilitic lesion. All patients were under antisyphilitic treatment and, 
therefore, the specific reaction would in all probability have cleared any 
specific lesions should they have existed. 

This study did not yield as much tuberculosis of the active or significant 
type as was expected. The per cent of lesions was low considering age, 
sex, race and economic factors. Also the character of the lesions found 
was of less importance. Particularly is this true among the Puerto 
Ricans where our findings were one-twelfth of a former experience. 
There is no obvious explanation for this discrepancy unless it may be that 
there is some antagonistic factor between the presence of the tubercle 
bacillus and the Spirocheta pallidum. In a recent study in one of our 
tuberculosis clinics 1,000 individuals, including tuberculosis cases admit- 
ted for examination were routinely Wassermann tested; 60 per cent were 
positive. The ratio of positives was far the lowest in the cases with the 
most advanced disease and highest in those with apparently healed 
lesions or no disease. Undoubtedly, there is need for further investiga- 
tion into the relationship of these two diseases in the same individual. 

Cardiovascular lesions: In all our mass surveys for tuberculosis we 
have consistently noted apparently abnormal cardiac silhouettes. In 
many instances these changes have been so marked that regardless of the 
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X-ray technique used they have been clearly indicative of cardiovascular 
disease. For the most part these changes may be classified as general 
cardiac enlargement, the most frequent findings enlargement of the right 
or left ventricles, and changes in the aorta such as widening, aneurysm 
or sclerosis. There were 74 or 7.4 per cent in this study that presented 
one of these changes. 

Roesler (1) and Nemet (2) have carefully outlined desirable techniques 
in chest roentgenography necessary to secure the best radiograms of 
cardiovascular shadows. In none of our films were all their criteria met. 
Therefore, it would be presumptuous to attempt to draw final conclusions 
from our material. It may be said, however, that in some of the cases 
first noted on the survey film, the diagnoses have later been confirmed. 
We are making a more extensive study of another series of such cases 
detected in our mass surveys that we believe will furnish better grounds 
for conclusions. 

Another cause for our interest in the shadows was occasioned by the 
frequent requests from the Social Hygiene Clinics for chest X-ray films 
of cases with suspected cardiovascular diseases. Thus, a large series 
of routine X-ray films might lead to some definite assistance to that 
service. The findings in this study, and as well those in individual cases 
X-rayed, have been essentially unproductive, as the lesions we have 
seen are well defined and usually have been diagnosed by physical 
examination. Thus, the radiograph was merely a pictorial record. The 
problem case for the Social Hygiene Service has been a questionable 
aortic lesion, and a routine X-ray film in our experience has failed to add 
any definite evidence. Our experience in this corresponds with that of 
Kemp and Cochems (3) and Padget and Moore (4), namely that fluor- 
oscopy and a careful clinical evaluation of symptoms and physical signs 
are essential. At present all cases are first carefully studied by fluor- 
oscopy, then if suggestive changes are seen, radiograms in special 
positions are made. 


SUMMARY AND CONCLUSIONS 


A survey of 1,000 venereal disease cases was made by radiograms on the 
grounds that it might lead to a valuable tuberculosis case-finding method. 

The percentage of active (1.2) and arrested (1.4) pulmonary tuber- 
culosis was lower than expected in consideration of the racial and eco- 
nomic level of the population studied. 
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There were 7.4 per cent of the cases that showed obvious cardiovascular 
lesions worthy of further study. 

The routine X-raying of individuals as a tuberculosis case-finding pro- 
cedure would not appear to be a suitable method for detecting any but 
the more obvious cardiovascular lesions. 

The study indicates the need for further investigation into the relation- 
ship of tuberculosis and syphilis in the same host, and suggests the possi- 
bility of an antagonistic factor when found conjointly in the same 
individual. 
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CARDIOVASCULAR ABNORMALITIES NOTED IN A MASS 
SURVEY FOR TUBERCULOSIS! 


During the course of a tuberculosis survey of the population on relief 
in the Harlem area of New York City, it was observed that abnormal 
cardiac silhouettes occurred frequently. It was decided, therefore, to 
call in for physical examination those persons whose cardiac silhouettes 
seemed abnormal on X-ray films. This procedure was. adopted for 
22,219 consecutive individuals X-rayed, in the hope that some idea of the 
prevalence of heart disease in this population might be obtained. 

The prevalence of heart disease is not accurately known, in spite of 
the voluminous literature on the subject. Paul D. White (1) states: 
“Accurate information about the community incidence of heart disease 
is as yet scarcely available anywhere in the world; this information is of 
great importance, and much work remains to be done in securing it.” 

Sources of information as to the prevalence of heart disease have been: 
first, life insurance statistics, second, the results of periodic health ex- 
aminations, industrial, school, and military, and third, death rates. The 
data available are scattered, and are usually concerned with small, or 
special age groups, and the accuracy of diagnosis is frequently ques- 
tionable. 

The estimates of the community incidence have varied extremely— 
from less than one per cent to several per cent; for example, White (1) 
states: “‘...from adult examination and from the certainty that in old age 
the incidence of heart disease is much greater than in youth by several 
per cent at least, it may be stated as probable that about two per cent of 
the population of the northern part of the United States have heart dis- 
ease of a degree sufficient to produce symptoms or signs.” 

Hedley (2), on the basis of replies to a questionnaire, found an inci- 
dence of 6.4 per 1000 with rheumatic heart disease in 14 large universities 
with affiliated medical schools reporting at least 1,500 student health 
examinations. 

Olesen says that in the United States draft, 1918, of 2,510,791 
men, 85,143 or 33.91 per 1,000 were found to have valvular disease of the 
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heart. Cohn (3) states, “In 1,000 recruits examined for the army at 
New York City in 1926 the rate was 15 per 1,000. Dublin gives 20 per 
1,000 as the number of persons rejected each year by the life insurance 
companies on account of heart disease, whereas Hoffman puts the figure 
as 24.4. On the whole the morbidity rate is 100 times greater than that 
of mortality. But the figure usually given for heart disease in the United 
States is 2,000,000, an estimate which is supported by having found the 
rate in various circumstances to be 20 per 1,000. Perhaps this is too 
high an estimate of the number of persons believed to suffer from heart 
disease.” (Cohn suggests the figure 682,500 as being more nearly cor- 
rect.) 

Olesen (4) states: “Approximately 20 cases of heart disease were found 
among each 1,000 industrial workers and food handlers in New York 
City. Among newsboys the heart incidence was 15 per 1,000. Surveys 
among school children of New York City, Boston, and Cincinnati showed 
an average of 1 per cent with heart disease. However, a survey of 
17,974 school children in Florida, Illinois and Missouri by the U. S. 
Public Health Service disclosed 3 per cent with the disease.” 

There has likewise been no agreement in the various estimates of the 
prevalence of heart disease in the general population of New York City. 
Davis and Jarrett (5) state the general belief that there are 120,000 
people affected with heart disease in New York City. De Porte (6), ina 
compilation based on voluntary reports of 98,069 non-communicable 
illnesses made by physicians, arrives at a prevalence of about 4 per cent. 

It should, at first glance, seem possible to determine the number of 
cases of heart disease in the general population by the simple expedient 
of compulsory reporting of all cases by private physicians, hospitals, 
and other institutions. However, these data are susceptible to great 
error for a number of reasons: there is a possibility of duplication of case 
reports; criteria for diagnosis vary among physicians who vary greatly in 
their ability to diagnose cardiac disease; it is difficult to obtain adequate 
codperation from the public and from the medical profession in reporting 
heart disease. 

Theoretically, by correlating first, the total deaths from heart disease 
reported annually, and second, the death rate in large mixed groups of 
cardiacs of both sexes and all ages (such as those registered in member 
clinics of the New York Heart Association), one should arrive at its 
prevalence. By applying the ratio of deaths per year in cardiac clinic 
patients to the number of patients per year, the number of patients in 
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the general population can be calculated from the cardiac deaths re- 
ported in that population. However, the death rate of cardiac patients 
in the general population may not be the same as the death rate in cardiac 
clinics, because of numerous factors, which have been outlined by the 
New York Heart Association (7). 


THE PRESENT STUDY 


The present study was based upon X-ray films of 22,219 individuals 
who were part of a larger group of 65,459 in which age, sex, and race had 
been tabulated. (See page 89.) In order to test whether the age, sex, 
and race distribution of the smaller group was similar to that of the 
entire group, a sample of 1000 individuals was chosen at random from the 
smaller group. There was no significant difference between the sample 
and the entire population X-rayed. 

The males constituted 42.2 per cent of the population. Their average 
age was 36.0 years; 68 per cent of the males were between the ages of 
22.3 and 49.7 years. The females made up 57.8 per cent of the popula- 
tion; the average age was 35.5 years; 68 per cent of the females were be- 
tween the ages of 22 and 48.9 years. 

The racial distribution was determined in the population examined, 
but was not determined in the cardiacs discovered because the incidence 
of white individuals was too small to be of significance. 

There were 71.2 per cent Negroes, with an average age of 35.7 years; 
68 per cent were between the ages of 22.2 and 59.2 years; 1 per cent was 
under 10 years; 0.8 per cent was over 69.9 years. The white persons 
formed 18.6 per cent of the group, with an average age of 36.3 years; 
68 per cent were between 22.1 and 50.5 years; 1 per cent was under 10 
years; 1 per cent was over 69.9 years. 

In 10.2 per cent the race was not stated. ‘These were probably largely 
Puerto Rican, of mixed racial stock. The average age was 35, with 68 
per cent between 21.7 and 48.3 years. 

Method: Radiographs were made on rolls of paper film, at four feet 
target-film distance, one tenth second exposure, 100 milliamperes, and 
kilovoltage appropriate for the individual chests. 

The films were interpreted by the clinic staff. No measurements of 
cardiac diameters were made, because magnification of cardiac size 
occurs below one and eight tenths meters target-film distance. Ab- 
normality was judged by shape, and gross disproportion of size. 

Those patients whose cardiac silhouettes were believed to be abnormal, 
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were called for physical examinations. All these examinations were 
performed by one individual, who also examined each of the patients 
fluoroscopically. 

Wassermann tests were performed only on those patients having 
hypertension, wide aorta, or cardiac enlargement of unexplained aeti- 
ology. 

The criteria for diagnosis were those of the New York Heart Associa- 
tion (8). No final diagnosis was based exclusively on the original film. 

Of the original 22,219 X-rayed, 1,652 individuals were considered to 
have abnormal cardiac silhouettes on the paper film. They were re- 
quested to return to the clinic for history and physical examination. 
The request was made within one month of the time of first X-ray. 


Total number of individuals X-rayed 

Total number called for further study 

Number responding for further study 
Proven cardiac 


Number not responding for further study 
Estimated* cardiac 


Total estimated number of cardiacs in the population X-rayed 
Per cent of cardiacs estimated in the population X-rayed 


* Arrived at by taking 80.8 per cent as the probable incidence in this group, based on the 
per cent discovered in the group followed up. This group is statistically the same for age 
and sex as those followed up. 


Of these 1,008 or 60.2 per cent appeared at the clinic; 814, or 80.8 per 
cent of them were found to have organic heart disease as determined by 
history and physical examination. 

Of the 814 with organic heart disease 564 or 69.3 per cent were unaware 
that they had heart disease and 250 or 30.7 per cent were already under 
medical supervision for their heart disease. 

The question which immediately posed itself was whether the prev- 
alence of heart disease in the group which did not appear for follow-up 
after the original X-ray was the same as that in the group which did 
appear and was examined. 

In order to answer this question both groups were statistically ex- 
amined with respect to age and sex and no significant difference between 
the two groups was found. The basis of original selection of both groups 
was the same, X-ray evidence of a possibly abnormal cardiac silhouette. 
It is, therefore, valid to assume that the prevalence of heart disease was 
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the same in both groups. On this basis, therefore, it was estimated that 
80.8 per cent or 520 of the 644 who did not respond were cardiacs. 
These, added to the 814 proven to have heart disease, would give a total 
of 1,334, or 6 per cent of the population X-rayed (table 1). 

Of those 814 patients with heart disease, 36.9 per cent were males and 
73.1 per cent females. 

In the 564 individuals unaware that they had heart disease and not 
receiving treatment the most common aetiological type was the hyper- 
tensive and arteriosclerotic. No attempt was made to differentiate 
hypertensive from arteriosclerotic heart disease because of the frequency 
of combination, and the difficulty in proving that a patient with hyper- 
tension does not have arteriosclerosis. Into this group fell 356 cases or 


TABLE 1 
Distribution by age and sex of aetiological types of heart disease found in examinations 


ARTERIOSCLEROTIC 
HYPERTENSIVE LUETIC RHEUMATIC OTHER TYPES 


AGE GROUP 


Fe- Fe- 
Total | Male Total | Male male Total 


10 
15 
17 
16 


4 


1 
40 
94 
142 11 
63 
16 


356 73 =| 21 


63.1 per cent. Of these 29.5 per cent were males and 70.5 per cent fe- 
males. Among this group were five patients or 1.9 per cent with aneu- 
rysms, 4 of the descending thoracic aorta and one of the innominate ar- 
tery (table 1). 

The next most frequent type of heart disease was luetic. In this group 
there were 128 individuals or 22.7 per cent. Of these, 61.7 per cent were 
males and 38.3 per cent were females. Seven of these individuals, or 
5.5 per cent had aortic aneurysm. 

Rheumatic heart disease formed the third largest group, 73 patients, 
or 12.2 per cent of patients with heart disease. Of these, 28.8 per cent 
were males and 71.2 per cent females. 

Two patients or 0.3 per cent were diagnosed as having congenital 
heart disease, one was male and one female. 


1019.9 
20-29 .9 6 9 1 1 — 
30-39.9 2 15 1 1 — 
40-49 .9 5 11 3 3 
50-59 .9 4 
60-69 .9 1 
52 7 3 4 
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Hyperthyroid heart disease was the diagnosis in 2 patients, or 0.3 per 
cent; both were female. 

Three patients or 0.5 per cent had definitely enlarged hearts with 
clinical regular sinus rhythm. Two were males and one female. No 
aetiological factor could be discovered. They had no hypertension, no 
apparent valvular defect, no previous coronary occlusion and no history 
of hypertension or heart failure. Blood Wassermann in these patients 
was negative. They were classified as enlarged heart of unknown 
aetiology. 

These results are at some variance with the incidence of aetiological 
types of heart disease in other groups, in which the rheumatic type of 
heart disease is the second most common type, with syphilis third. 

We have compared our results with the studies summarized in a table 
in White’s Heart Disease (1) (p. 180) and derived the following therefrom: 


PERCENTAGE OF TOTAL HEART DISEASE PATIENTS HAVING 
HEART DISEASE OF SPECIFIED TYPE 
WHERE STUDY WAS MADE 


Arteriosclerotic 


and hypertensive Luetic Rheumatic 


Washington, D. C. 
72.5 
56.3 
68.9 
56.8 
71.8 
63.1 


The explanation for the relatively higher prevalence of syphilitic 
heart disease in this population as compared with the general population 
is that the prevalence of syphilis in the population studied is estimated 
to be about five times that in the general population (9). 

Similarly, the higher prevalence of arteriosclerotic hypertensive heart 
disease shown in this study is in line with the generally accepted fact 
that Negroes have a higher incidence of this type of heart disease than 
whites. 

A significant incidence of patients with two aetiologic factors in their 
heart disease was noted in the study (table 2). 

Of the 356 patients with hypertensive arteriosclerotic heart disease 53, 
or 15 per cent showed a positive blood Wassermann. These were all 
patients with (/) arterial hypertension, (2) dilated aorta, (3) enlarged 
left ventricle. Some had aortic insufficiency, therefore, lues was added 


15.5 4.7 | 
21.3 8.3 
27.1 10.4 
31.6 3.6 | 
15.4 4.3 | 
| 12.2 
| 
| 
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to the aetiological diagnosis of these cases. No conclusion is drawn 
from this other than that it is a probable corollary of the high general 
prevalence of syphilis in this population. 

Nine, or 12.3 per cent of the seventy-three patients with rheumatic 
heart disease had positive Wassermanns. In addition to the positive 
serological findings they also showed aortic dilatation with or without 
aortic insufficiency so that syphilis was added to the aetiological diag- 
nosis. 

Ten, or 2.8 per cent of the 356 patients with hypertensive arterioscle- 
rotic heart disease, presented histories of rheumatic fever and had mitral 
stenosis and insufficiency. These were also classified as of double aeti- 
ology and anatomical type. 


TABLE 2 
Distribution of combined forms of heart disease (two definite aetiological factors) by age 


ARTERIOSCLEROTIC-HY PER- RHEUMATIC AND ARTERIO- 
TENSIVE AND LUETIC SCLEROTIC-HY PERTENSIVE 


AGE GROUP 
Male Male 
and Female 


An X-ray survey for tuberculosis has been used as a means of con- 
ducting a simultaneous cardiac survey in a section of New York City 
populated chiefly by Negroes. 

It is estimated that 6 per cent of this population suffers from organic 
heart disease. 

The prevalence of the common aetiological types of heart disease in 
this group is given. 

The method of using a preliminary Roentgen film as the original test 
of cardiac abnormality, while not recommended as a routine procedure, 
is of definite value as a by-product in tuberculosis survey work, and 
should not be neglected. 


and sex 
e ema: ie 
20-29 .9 1 1 1 1 
30-39 .9 10 2 8 1 1 2 2 
40-49 .9 19 | 6 13 2 — 2 2 —_ 2 
50-59.9 18 10 8 3 1 2 3 _ 3 
60-69 .9 6 5 2 2 — 2 2 1 1 
Totals......| 53 22 31 9 2 7 10 1 9 
SUMMARY 
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FINDINGS OTHER THAN CHRONIC PULMONARY TUBER- 
CULOSIS IN SURVEYS OF 88,283 INDIVIDUALS! 


In the course of X-ray surveys conducted among apparently healthy 
individuals in New York City since 1933, many conditions other than 
chronic pulmonary tuberculosis have been discovered. These findings 
have included pulmonary and cardiac lesions of varying degrees of 
clinical importance, minor abnormalities, congenital anomalies and so- 
called normal variants. In certain instances, intensive investigation of 
these conditions has been undertaken, such as the cardiac study of the 
home relief population of Harlem. (See page 89.) The prevalence of 
congenital anomalies and normal variants disclosed by roentgenography 
of the chest will be reported elsewhere (1). 

This paper deals in a general way with the frequency of healed primary 
tuberculosis, abnormal cardiac outlines, and nontuberculous pulmonary 
lesions in 88,283 individuals X-rayed. We are not presenting a detailed 
analysis of these findings for several reasons. The primary purpose of 
the mass surveys of apparently healthy individuals was the discovery of 
unsuspected tuberculosis. When lesions other than chronic pulmonary 
tuberculosis were found, it was not felt advisable to subject the patient 
to an exhaustive investigation unless required for his immediate medical 
care and not available through other facilities, as in the case of the 
cardiacs in the home relief population of Harlem. In many instances, 
more complete investigation would have required the use of bron- 
choscopy, blood studies and radiography of the gastrointestinal tract, 
procedures not ordinarily performed in the Clinic. In some cases, the 
results of the studies would have been of academic interest only, when the 
process was of no clinical importance or offered no possibility of effective 
therapeutic approach. This report then is confined to a discussion of 
these three conditions as roentgenological findings, the classification 
being based entirely on the appearance of X-ray shadows. 

The 88,283 individuals whose examinations form the subject of this 
study were drawn from all major surveys conducted since 1937. Repre- 
sented in the total are 15,795 pupils in New York City high schools; 
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16,810 college students; 8,708 enrollees of the National Youth Adminis- 
tration; 3,185 applicants for license as teachers; 4,972 members of the 
Furriers Union; 29,182 home relief recipients in Harlem; 4,915 prisoners, 
and 4,716 transient homeless men. With the exception of the home 
relief recipients, all persons X-rayed in the above surveys are included. 
In the Harlem study, an exact diagnostic code for conditions other than 


TABLE 1 


Abnormal cardiac outlines, other pulmonary lesions and healed primary tuberculosis found 
in 88,283 X-ray examinations 


OTHER FINDINGS 


| Female 
| Male 
| Female 


| Male 


| | Female 


| | Male 


0- 4.9 

5- 9.9 
10-14.9 
15-19.9 
20-24.9 
25-29 .9 
30-34.9 
35-39 .9 
40-44.9 
45-49 .9 
50-54.9 
55-59.9 
60-64.9 
65-69 
70-74.9 
75-79 .9 
80-84.9 
85-89 ..9 
Unknown 


MND SO & 


NON DN 


w 
NINN AN WO O We 


—_ 


orm 


OP AW UO PK CO OM 
w 


Nore 


| | 


Total. . . .|49, 740/38 , 543 5,565|4,277 


1.6 


chronic pulmonary tuberculosis was first used in December, 1937, and 
only the 29,182 individuals examined since that date are represented. 
(See Code, page 49.) The distribution by age and sex of the 88,283 
persons is shown in table 1. 

Table 1 also indicates the prevalence of healed primary tuberculosis, 
abnormal cardiac outlines, and nontuberculous pulmonary lesions. 


NUMBER X-RAYED 
Number Per cent 
* Other pul- | Healed pri- : Other pul- 
Male | Female hormalities mary tuber normalities 
& 

38 36} — | — 1;}—| — 4 
180 215 1 4 4 1 30 35 
3,103) 1,749 21; 17 6 5} 209) 173 
15,179|15,494| 107) 62) 77| 877|1,049 
6,500) 7,430} 98) 74) 55) 48) 454) 570 
3,675) 3,312 65} 57| 15} 20) 425) 460 
4,001) 2,735 80} 64) 35] 18) 539) 445 
4,196) 2,387} 170) 66) 50) 14) 609) 411 
3,230) 1,692} 173] 104; 84) 14) 545) 332 
2,808} 1,268} 251) 88) 82! 11) 553) 256 
2,473 829) 335} 85) 140) 15) 461) 217 
1,919 611} 294) 90) 107 8} 373) 163 
300; 403} 255) 74) 88 6} 241 80 
774 256} 158] 45) 53 4) 167 50 
260 62 54) 12) 19) — 54 19 
76 33 15} 10 1} — 18 9 

20; — 5} — 6} — 2; — — {10.0} — 

| 0.6/11.2)11.1 : 
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All cases with roentgenologically demonstrable calcification in the 
parenchyma or hilum of the lung of the type generally recognized as 
characteristic of a healed primary complex, were classified as healed 
primary tuberculosis. If those individuals under 10 and over 80, whose 
numbers are so small as to be statistically of no significance, are disre- 
garded, it is apparent that the frequency of this finding increases with the 
age of the individuals. It is more common in females throughout life and 
particularly between the ages of 10 and 20, and 50 and 60. The rate of 
11.1 per cent found for the entire population is comparable to that re- 
ported in similar groups examined with a single postero-anterior chest 
film (table 2). 


TABLE 2 


Abnormal cardiac outlines, other pulmonary lesions and healed primary tuberculosis found 
in 88,283 X-ray examinations 


Healed 
Cardiac | 25%, | Primary 


35,950] 1,314 3,659 
23,248] 214 1,647 
13,376] 771 1,753 
14,824) 672 2,405 
414, 19 153 
11 225 


88,283} 3,001 9,842 


All cases whose heart or aortic silhouettes were of abnormal configura- 
tion for their age group were included under abnormal cardiac outlines. 
Minor degrees of dilatation or tortuosity of the great vessels so common 
in older individuals were not considered of significance. In younger 
persons, variations in the shape of the cardiac shadow were common and 
these were included only when they were so marked as to make the 
diagnosis of organic cardiac disease probable. Abnormal cardiac out- 
lines are present in 3.4 per cent of all individuals X-rayed. The prev- 
alence in males is considerably higher than in females and increases with 
age in both sexes. A more complete analysis of the significance of this 
finding in a selected group is contained in the section on Cardiovascular 
Abnormalities. (See page 148.) 

The third group, that with nontuberculous pulmonary lesions, is the 


NUMBER PER CENT 

cardiac | | Primary 
White—male. 3.7 1.9 10.2 
White—female................ 0.9°| 0.6 7.1 
5.8 1.0 | 13.1 
Negro—female............... 4.5 0.7 16.2 
Unknown—male.............. 4.6 0.5 | 37.0 
Unknown—female............ 2.3 0.2 | 47.8 
| 3.4 | 1.2 | 11.1 


FINDINGS OTHER THAN PULMONARY TUBERCULOSIS 159 


least well defined. In it were included all individuals whose X-ray 
films revealed changes in the parenchyma of the lung presumably not of 
tuberculous aetiology. Localized or generalized pulmonary fibrosis, 
marked emphysema, pneumonitis, bronchiectasis, neoplasm and foreign 
body were among the conditions so classified. Pleural changes, congeni- 
tal anomalies and normal variants were omitted. The prevalence of 
1.2 per cent for the entire group with a rate in males of 1.6 per cent and 
in females of 0.6 per cent seems consistent with the composition of the 
population. The progressive increase in frequency with age in both 
male and female is to be expected for this type of abnormality. 

A carefuly study of these observations tends to substantiate the conclu- 
sions that we have drawn concerning the most desirable methods of 
conducting surveys in different age and population groups. The com- 
parative infrequency of findings other than tuberculosis in younger 
individuals would make tuberculin test screening the procedure of choice. 
The presence of a significant number of individuals with cardiac lesions 
among older people, however, is an important reason for routine X-ray 
examination of adults. These considerations haveinfluenced us in the 
formulation of our present survey program. 
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